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CONSTITUTION 


CONSTITUTION. 

REVISED    AT     THE    FIFTH,    EIGHTH    AND    TWELFTH    ANNUAL    CONVENTIONS. 

ARTICLE   I. 

NAME,  OBJECT  AND  LOCATION. 

i.    The  name  of  this  Association  is  the  American  Railway  Engi-   Name. 
neering  Association. 

2.  Its   object  is    the   advancement   of   knowledge   pertaining  to    the    object, 
scientific  and  economic  location,  construction,  operation  and  maintenance 

of  railways. 

3.  The  means  to  be  used  for  this  purpose  shall  be  as  follows :  Means  to 

(a)  Meetings  for  the  reading  and  discussion  of  reports  and  papers    be  Used- 
and  for  social  intercourse. 

(b)  The  investigation   of  matters  pertaining  to   the  objects  of  this 
Association  through  Standing  and  Special  Committees.  - 

(c)  The  publication  of  papers,  reports  and  discussions.  ^ 

(d)  The  maintenance  of  a  library. 

4.  Its   action    shall    be    recommendatory,   and   not  binding    upoin-  its    Responsibil- 
members.  ity# 

5.  Its    permanent    office    shall    be   located   in    Chicago,    111.,    and   the    Location  of 
annual  convention  shall  be  held  in  that  city.  Offlc*. 


ARTICLE   II. 


MEMBERSHIP. 

I.     The   membership  of  this   Association  shall  be   divided  into  three 
classes,  viz. :   Members,  Honorary  Members  and  Associates. 
(2)     A  Member  shall  be: 

(a)  Either  a  Civil  Engineer,  a  Mechanical  Engineer,  an  Electrical 
Engineer,  or  an  official  of  a  railway  corporation,  who  has  had  not  less  than 
five  (5)  years'  experience  in  the  location,  construction,  maintenance  or  op- 
eration of  railways,  and  who,  at  the  time  of  application  for  membership,  is 
engaged  in  railway  service  in  a  responsible  position  in  charge  of  work  con 
nected  with  the  Location,  Construction,  Operation  or  Maintenance  of  a 
Railway;  provided,  that  all  persons  who  were  Active  Members  prior  to 
March  20,  1007,  shall  remain  Members  except  as  modified  by  Article  II, 
Clause  9. 

(b)  A  Professor  of  Engineering  in  a  college  of  recognized  standing. 

3.  An  Honorary  Member  shall  be  a  person  of  acknowledged  emi- 
nence in  railway  engineering  or  management.  The  number  of  Honorary 
Members  shall  be  limited  to  ten. 
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4.  An  Associate  shall  be  a  person  not  eligible  as  a  Member,  but 
whose  pursuits,  scientific  acquirements  or  practical  experience  qualify 
him  to  co-operate  with  Members  in  the  advancement  of  professional 
knowledge,  such  as  Consulting,  Inspecting,  Contracting,  Government  or 
other  Engineers,  Instructors  of  Engineering  in  Colleges  of  recognized 
standing,  and  Engineers  of  Industrial  Corporations  when  their  duties  are 
purely  technical. 

5.  (a)  Members  shall  have  all  the  rights  and  privileges  of  the 
Association. 

(b)  Honorary  Members  shall  have  all  the  rights  of  Members,  except 
that  of  holding  office,  and  shall  be  exempt  from  the  payment  of  dues. 

(c)  Associates  shall  have  all  the  rights  of  Members,  except  those 
of  voting  and  holding  office. 

6.  An  applicant  to  be  eligible  for  membership  in  any  class  shall  not 
be  less  than  twenty-five  (25)   years  of  age. 

7.  The  word  "railway"  in  this  Constitution  means  one  operated 
by  steam  or  electricity  as  a  common  carrier,  dependent  upon  transpor- 
tation for  its  revenue.  Engineers  of  street  railway  systems  and  of  rail- 
ways which  are  used  primarily  to  transport  the  material  or  product  of 
an  industry  or  industries  to  and  from  a  point  on  a  railway  which  is  a 
common  carrier,  or  those  which  are  merely  adjuncts  to  such  industries, 
are  eligible  only  as  Associates. 

8.  A  Member,  elected  after  March  20,  1907,  who  shall  leave  the 
railway  service,  shall  cease  to  be  a  Member,  but  may  retain  membership 
in  the  Association  as  an  Associate,  subject  to  the  provisions  of  Article  II, 
Clause  9;  provided,  however,  if  he  re-enters  the  railway  service,  he  shall 
be  restored  to  the  class  of  Members. 

9.  Persons  whose  principal  duties  require  them  to  be  engaged  in 
the  sale  or  promotion  of  railway  patents,  appliances  or  supplies,  shall 
not  be  eligible  for,  nor  retain  membership  in  any  class  in  this  Association, 
except  that  those  who  were  Active  Members  prior  to  March  20,  1907, 
may  retain  membership  as  Associates ;  provided,  however,  that  anyone 
having  held  membership  in  the  Association  and  subsequently  having  be- 
come subject  to  the  operation  of  this  clause,  shall,  if  he  again  becomes 
eligible,  be  permitted  to  re-enter  the  Association,  without  the  payment  of 
a  second  entrance  fee. 

10.  The  Board  of  Direction  shall  transfer  members  from  one  class 
to  another,  or  remove  a  member  from  the  membership  list,  under  the 
provisions  of  this  Article. 


ARTICLE   III. 


Charter 
Membership. 

Application 
for  Member- 
ship. 


ADMISSIONS  AND   EXPULSIONS. 

1.  The  Charter  Membership  consists  of  all  persons  who  were  elected 
before  March  15,  1900. 

2.  The    Charter    Membership    having    been    completed,    any    person 
desirous  of  becoming   a   member  shall   make  application   upon   the  form 


CONSTITUTION. 


21 


Election  to 
Membership 


prescribed  by  the  Board  of  Direction,  setting  forth  in  a  concise  statement 
his  name,  age,  residence,  technical  education  and  practical  experience. 
He  shall  refer  to  at  least  three  members  to  whom  he  is  personally  known, 
each  of  whom  shall  be  requested  by  the  Secretary  to  certify  to  a  personal 
knowledge  of  the  candidate  and  his  fitness   for  membership. 

3.  Upon  receipt  of  an  application  properly  endorsed,  the  Board .  of 
Direction,  through  its  Secretary,  or  a  Membership  Committee  selected 
from  its  own  members,  shall  make  such  investigation  of  the  candidate's 
fitness  as  may  be  deemed  necessary.  The  Secretary  will  furnish  copies 
of  the  information  obtained  and  of  the  application  to  each  member  of  the 
Board  of  Direction.  At  any  time,  not  less  than  thirty  days  after  the 
filing  of  the  application,  the  admission  of  the  applicant  shall  be  canvassed 
by  letter-ballot  among  the  members  of  the  Board,  and  affirmative  votes 
by  two-thirds  of  its  members  shall  elect  the  candidate;  provided,  how- 
ever, that  should  an  applicant  for  membership  be  personally  unknown  to 
three  members  of  the  Association,  due  to  residence  in  a  foreign  country, 
or  in  such  a  portion  of  the  United  States  as  precludes  him  from  a  sufficient 
acquaintance  with  its  members,  he  may  refer  to  well-known  men  engaged 
in  railway  or  allied  professional  work,  upon  the  form  above  described, 
and  such  application  shall  be  considered  by  the  Board  of  Direction  in  the 
manner  above  set  forth,  and  the  applicant  may  be  elected  to  membership 
by  a  unanimous  vote  of  the  Board. 

4.  All  persons,  after  due  notice  from  the  Secretary  of  their  elec- 
tion, shall  subscribe  to  the  Constitution  on  the  form  prescribed  by  the 
Board  of  Direction.  If  this  provision  be  not  complied  with  within  six 
months  of  said  notice,  the  election  shall  be  considered  null  and  void. 

5.  Any  person  having  been  a  member  of  this  Association,  and  hav- 
ing, while  in  good  standing,  resigned  such  membership,  may  be  reinstated 
without  the  payment  of  a  second  entrance  fee ;  provided  his  application 
for  reinstatement  is  signed  by  five  members  certifying  to  his  fitness  for 
same,  and  such  application  is  passed  by  a  two-thirds  majority  of  the 
Board  of  Direction. 

6.  Proposals  for  Honorary  Membership  shall  be  submitted  by  ten  or 
more  Members.  Each  member  of  the  Board  of  Direction  shall  be  fur- 
nished with  a  copy  cf  the  proposal,  and  if,  after  thirty  days,  the  nominee 
shall  receive  the  unanimous  vote  of  said  Board,  he  shall  be  declared  an 
Honorary  Member. 

7.  When  charges  are  preferred  against  a  Member  in  writing  by  ten    Expulsions, 
or  more  Members,  the  Member  complained  of  shall  be  served  with  a  copy 

of  such  charges,  and  he  shall  be  called  upon  to  show  cause  to  the  Board 
of  Direction  why  he  should  not  be  expelled  from  the  Association.  Not 
less  than  thirty  days  thereafter  a  vote  shall  be  taken  on  his  expulsion, 
and  he  shall  be  expelled  upon  a  two-thirds  vote  of  the  Board  of  Direction. 

8.  The  Board  of  Direction  shall  accept  the  resignation,  tendered  in    Resignations, 
writing,  of  any  Member  whose  dues  are  fully  paid  up. 


Subscription 
to  Constitu- 
tion. 


Reinstate- 
ment. 


Honorary 
Membership 
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Terms  of 
Office. 


Officers 
Elected 
Annually. 


ARTICLE    IV. 

DUES. 

i.  An  entrance  fee  of  $10.00  shall  be  payable  to  the  Association 
through  its  Secretary  with  each  application  for  membership;  and  this 
sum  shall  be  returned  to  the  applicant  if  not  elected. 

2.  *The  annual  dues  are  $10.00,  payable  during  the  first  three  months 
of  the  calendar  year. 

3.  Any  person  whose  dues  are  not  paid  before  April  1st  of  the  cur- 
rent year  shall  be  notified  of  same  by  the  Secretary.  Should  the  dues 
not  be  paid  prior  to  July  1st,  the  delinquent  Member  shall  lose  his  right 
to  vote.  Should  the  dues  remain  unpaid  October  1st,  he  shall  be  notified 
on  the  form  prescribed  by  the  Board  of  Direction,  and  he  shall  no  longer 
receive  the  publications  of  the  Association.  If  the  dues  are  not  paid  by 
December  31st,  he  shall  forfeit  his  membership  without  further  action 
or  notice,  except  as  provided  for  in  Clause  4  of  this  Article. 

4.  The  Board  of  Direction  may  extend  the  time  of  payment  of  dues, 
and  may  remit  the  dues  of  any  Member,  who,  from  ill-health,  advanced 
age  or  other  good  reasons,  is  unable  to  pay  them. 

ARTICLE  V. 

OFFICERS. 

i.  The  officers  of  the  Association  shall  be  Members  and  shall  con- 
sist of:  a  President, 

A  First  Vice-President, 

A  Second  Vice-President, 

A  Treasurer, 

A  Secretary, 

Nine  Directors, 
who,  together  with  the  five  latest  living  Past- Presidents  who  are  Members, 
shall  constitute  the  Board  of  Direction  in  which  the  government  of  the 
Association  shall  be  vested,  and  who  shall  act  as  Trustees,  and  have  the 
custody  of  all  property  belonging  to  the  Association. 

2.  The  offices  of  First  and  Second  Vice-Presidents  shall  be  deter- 
mined by  the  priority  of  their  respective  dates  of  election. 

3.  The  terms  of  office  of  the  several  officers  shall  be  as  follows: 

President,  one  year. 
Vice-Presidents,  two  years. 
Treasurer,  one  year. 
Secretary,  one  year. 
Directors,  three  years. 

4.  (a)     There  shall  be  elected  at  each  Annual  Convention: 

A  President, 

One  Vice-President, 

A  Treasurer, 

A  Secretary, 

Three  Directors. 

•The  annual  payment  of  $10.00  made  by  each  member  is  to  be  sub- 
divided and  credited  on  the  book3  of  the  Association,  as  follows:  To  mem- 
ber's subscription  to  the  Bulletin,  $5.00;  annual  dues,  $5.00. 
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(b)  The  candidates  for  President  and  for  Vice-President  shall  be 
selected  from  the  members  of  the  Board  of  Direction. 

5.  The  office  of  President  shall  not  be  held  twice  by  the  same  per-    conditions  of 

son.      A  person    who    shall   have   held    the   office   of    Vice-President   or    R®:£Lectlon 
~.  ,    ,,  ,,-.,,,  ,      •  ,  ~  °f  Officers. 

Director  shall  not  be  eligible  for  re-election  to  the  same  office  until  at 

least  one  full  term  shall  have  elapsed  after  the  expiration  of  his  previous 

term  of  office. 

6.  The  term  of  each  officer  shall  begin  with  his  election  and  con-    Terra  of 
tinue  until  his  successor  is  elected. 

7.  (a)     A  vacancy  in  the  office  of  President  shall  be  filled  by  the    Vacancies 
First  Vice-President.    '  In  °fflces- 

(b)  A  vacancy  in  the  office  of  either  of  the  Vice-Presidents  shall 
be  filled  by  the  Board  of  Direction  by  election  from  the  Directors.  A 
Vice-Presidency  shall  not  be  considered  vacant  when  one  of  the  Vice- 
Presidents  is  filling  a  vacancy  in  the  Presidency. 

(c)  Any  other  vacancies  for  the  unexpired  term  in  the  membership 
of  the  Board  of  Direction  shall  be  filled  by  the  Board. 

(d)  An  incumbent  in  any  office  for  an  unexpired  term  shall  be 
eligible  for  re-election  to  the  office  he  is  holding;  provided,  however, 
that  anyone  appointed  to  fill  a  vacancy  as  Director  within  six  months 
after  the  term  commences  shall  be  considered  as  coming  within  the  pro- 
vision of  Article  V,  Clause  5. 

8.  When  an  officer  ceases  to  be  a  Member  of  the  Association,  as  vacation  of 
provided  in  Article  II,  his  office  shall  be  vacated,  and  be  filled  as  provided    Office. 

in  Article  V,  Clause  7. 

9.  In  case  of  the  disability  or  neglect  in  the  performance  of  his  duty,    Disability 
of  an  officer,  the  Board  of  Direction,  by  a  two-thirds  majority  vote  of  the    or    eg  ec  ' 
entire  Board,  shall  have  power  to  declare  the  office  vacant,  and  fill  it  as 
provided  in  Article  V,  Clause  7. 

ARTICLE  VI. 

NOMINATION   AND   ELECTION   OF  OFFICERS. 

i.  (a)  There  shall  be  a  Nominating  Committee  composed  of  the  Nominating 
five  latest  living  Past-Presidents  of  the  Association,  who  are  Members,  Committee. 
and  five  Members  not  officers. 

(b)  The  five  Members  shall  be  elected  annually  when  the  officers  of 
the  Association  are  elected. 

2.  It  shall  be  the  duty  of  this  committee  to  nominate  candidates  to  Number  of 
fill  the  offices  named  in  Article  V,  and  vacancies  in  the  Nominating  Com-  Candl(Jate8 
mittee  caused  by  expiration  of  term  of  service,  for  the  ensuing  year,  as 

follows :  Number  of  Candi-    Number  of  Candi- 

dates to  be  named    dates  to  be  elected 
Office  to  be  Filled.  by  Nominating      at  Annual  Election 

Committee.  of  Officers. 

President  ".     1  I 

Vice-President  1  1 

Treasurer    1  I 

Secretary  1  1 

Directors  i * . . .  9  3 

Nominating  Committee    10  5 
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Chairman. 


Meeting  of 
Committee. 


Announce- 
ment of 
Names  of 
Nominees. 


Additional 
Nominations 
by  Members. 


Vacancies 
in  List  of 
Nominees. 


Ballots 
Issued. 


Substitution 
of  Names. 


Ballots. 


Invalid 
Ballots. 


Closure 
of  Polls. 


Requirements 
for  Election. 


Tie  Vote. 


3.  The  Senior  Past-President  shall  act  as  permanent  chairman  of 
the  committee,  and  will  issue  the  call  for  meetings.  In  his  absence  from 
meetings,  the  Past-President  next  in  age  of  service  shall  act  as  Chairman 
pro  tern,  at  the  meeting. 

4.  Prior  to  December  1st,  each  year,  the  Chairman  shall  call  a  meet- 
ing of  the  committee  at  a  convenient  place  and,  at  this  meeting,  nominees 
for  office  shall  be  agreed  upon. 

5.  The  names  of  the  nominees  shall  be  announced  by  the  permanent 
Chairman  to  the  President  and  Secretary  not  later  than  December  15th  of 
the  same  year,  and  the  Secretary  shall  report  them  to  the  Members  of  the 
Association  on  a  printed  slip  not  later  than  January  1st  following. 

6.  At  any  time  between  January  1st  and  February  1st,  any  ten  or 
more  Members  may  send  to  the  Secretary  additional  nominations  for  the 
ensuing  year  signed  by  such  Members. 

7.  If  any  person  so  nominated  shall  be  found  by  the  Board  of  Direc- 
tion to  be  ineligible  for  the  office  for  which  he  is  nominated,  or  should 
a  nominee  decline  such  nomination,  his  name  shall  be  removed  and  the 
Board  may  substitute  another  one  therefor ;  and  may  also  fill  any 
vacancies  that  may  occur  in  this  list  of  nominees  up  to  the  time  the  bal- 
lots are  sent  out 

8.  Not  less  than  thirty  days  prior  to  each  Annual  Convention,  the 
Secretary  shall  issue  ballots  to  each  voting  member  of  record  in  good 
standing,  with  a  list  of  the  several  candidates  to  be  voted  upon,  with  the 
names  arranged  in  alphabetical  order  when  there  is  more  than  one  name 
for  any  office. 

9.  Members  may  erase  names  from  the  printed  ballot  list  and  may 
substitute  the  name  or  names  of  any  other  person  or  persons  eligible  for 
any  office,  but  the  number  of  names  voted  for  each  office  on  the  ballot 
must  not  exceed  the  number  to  be  elected  at  that  time  to  such  office. 

10.  (a)  Ballots  shall  be  placed  in  an  envelope,  sealed  and  endorsed 
with  the  name  of  the  voter,  and  mailed  or  deposited  with  the  Secretary 
at  any  time  previous  to  the  closure  of  the  polls. 

(b)  A  voter  may  withdraw  his  ballot,  and  may  substitute  another, 
at  any  time  before  the  polls  close. 

11.  Ballots  not  endorsed  or  from  persons  not  qualified  to  vote  shall 
not  be  opened;  and  any  others  not  complying  with  the  above  provisions 
shall  not  be  counted. 

12.  The  polls  shall  be  closed  at  twelve  o'clock  noon  on  the  second 
day  of  the  Annual  Convention,  and  the  ballots  shall  be  counted  by  three 
tellers  appointed  by  the  Presiding  Officer.  The  ballots  and  envelopes  shall 
be  preserved  for  not  less  than  ten  days  after  the  vote  is  canvassed. 

13.  The  persons  who  shall  receive  the  highest  number  of  votes  for 
the  offices  for  which  they  are  candidates  shall  be  declared  elected. 

14.  In  case  of  a  tie  between  two  or  more  candidates  for  the  same 
office,  the  members  present  at  the  Annual  Convention  shall  elect  the  officer 
by  ballot  from  the  candidates  so  tied. 
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15.  The  Presiding  Officer  shall  announce  at  the  convention  the  names 
of  the  officers  elected  in  accordance  with  this  Article. 

16.  Except  as  to  the  Past-Presidents,  the  first  Nominating  Com- 
mittee and  the  three  additional  Directors  provided  for  shall  be  appointed 
by  the  Board  of  Direction,  one  of  the  Directors  for  one  year  one  for 
two  years,  and  one  for  three  years. 


Announce- 
ment. 

First 

Nominating 

Committee. 


ARTICLE  VII. 

MANAGEMENT. 

1.  (a)  The  President  shall  have  general  supervision  of  the  affairs 
of  the  Association,  shall  preside  at  meetings  of  the  Association  and  of 
the  Board  of  Direction,  and  shall  be  ex-officio  member  of  all  Committees, 
except  the  Nominating  Committee. 

(b)  The  Vice-Presidents,  in  order  of  seniority,  shall  preside  at  meet- 
ings in  the  absence  of  the  President  and  discharge  his  duties  in  case  of  a 
vacancy  in  his  office. 

2.  The  Treasurer  shall  receive  all  moneys  and  deposit  same  in  the 
name  of  the  Association,  and  shall  receipt  to  the  Secretary  therefor.  He 
shall  invest  all  funds  not  needed  for  current  disbursements  as  shall  be 
ordered  by  the  Board  of  Direction.  He  shall  pay  all  bills,  when  properly 
certified  and  audited  by  the  Finance  Committee,  and  make  such  reports 
as  may  be  called  for  by  the  Board  of  Direction. 

3.  The  Secretary  shall  be,  under  the  direction  of  the  President  and 
Board  of  Direction,  the  Executive  Officer  of  the  Association.  He  shall 
attend  the  meetings  of  the  Association  and  of  the  Board  of  Direction, 
prepare  the  business  therefor,  and  duly  record  the  proceedings  thereof. 
He  shall  see  that  the  moneys  due  the  Association  are  collected  and  with- 
out loss  transferred  to  the  custody  of  the  Treasurer.  He  shall  personally 
certify  to  the  accuracy  of  all  bills  or  vouchers  on  which  money  is  to  be 
paid.  He  is  to  conduct  the  correspondence  of  the  Association  and  keep 
proper  record  thereof,  and  perform  such  other  duties  as  the  Board  of 
Direction   may  prescribe. 

4.  The  accounts  of  the  Treasurer  and  Secretary  shall  be  audited 
annually  by  a  public  accountant,  under  the  direction  of  the  Finance  Com- 
mittee of  the  Board. 

5.  The  Board  of  Direction  shall  manage  the  affairs  of  the  Associa- 
tion, and  shall  have  full  power  to  control  and  regulate  all  matters  not 
otherwise  provided  in  the  Constitution. 

6.  The  Board  of  Direction  shall  meet  within  thirty  days  after  each 
Annual  Convention,  and  at  such  other  times  as  the  President  may  direct. 
Special  meetings  shall  be  called  on  request,  in  writing,  of  five  members 
of  the  Board. 

7.  Seven  members  of  the  Board  shall  constitute  a  quorum. 

8.  At  the  first  meeting  of  the  Board  after  the  Annual  Convention, 
the  following  committees  from  its  members  shall  be  appointed  by  the 
President,  and  shall  report  to  and  perform  their  duties  under  the  super- 
vision of  the  Board  of  Direction : 


Duties  of 
President. 


Duties  of 
Treasurer. 


Duties  of 
Secretary 


Auditing  of 
Accounts. 


Duties  of 
Board. 


Board 

Meetings. 


Board 
Quorum. 

Board 
Committees. 
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Duties  of 
Finance 

Committee. 


Duties  of 

Publication 

Committee. 

Duties  of 

Library 

Committee. 


Duties  of 
Committee  or 
Outline  of 
Work  of 
Standing 
Committees. 

Standing 
Committees. 


Special 
Committees. 


Discussion 
by  Non- 
Members. 

Sanction  of 
Acts  of 
Board. 


Finance  Committee  of  three  members. 

Publication  Committee  of  three  members. 

Library  Committee  of  three  members. 

Outline  of  Work  of  Standing  Committees  of  five  members. 

The  Finance  Committee  shall  have  immediate  supervision  of  the 
accounts  and  financial  affairs  of  the  Association;  shall  approve  all  bills 
before  payment,  and  shall  make  recommendations  to  the  Board  of  Direc- 
tion as  to  the  investment  of  moneys  and  as  to  other  financial  matters.  The 
Finance  Committee  shall  not  have  the  power  to  incur  debts  or  other  obli- 
gations binding  the  Association,  nor  authorize  the  payment  of  money 
other  than  the  amounts  necessary  to  meet  ordinary  current  expenses  of 
the  Association,  except  by  previous  action  and  authority  of  the  Board  of 
Direction. 

10.  The  Publication  Committee  shall  have  general  supervision  of 
the  publications  of  the  Association. 

ii.  The  Library  Committee  shall  have  general  supervision  of  the 
Library,  the  property  therein,  and  the  quarters  occupied  by  the  Secretary; 
shall  make  recommendations  to  the  Board  with  reference  thereto,  and 
shall  direct  the  expenditure  for  books  and  other  articles  of  permanent 
value,  from  such  sums  as  may  be  appropriated  for  these  purposes. 

12.  The  Committee  on  Outline  of  Work  of  Standing  Committees 
shall  present  a  list  of  subjects  for  committee  work  during  the  ensuing 
year  at  the  first  meeting  of  the  Board  of  Direction  after  the  Annual  Con- 
vention. 

13.  The  Board  of  Direction  may  appoint  such  Standing  Committees 
as  it  may  deem  best,  to  investigate,  consider  and  report  upon  questions 
pertaining  to  railway  location,  construction  or  maintenance. 

14.  Special  Committees  to  examine  into  and  report  upon  any  subject 
connected  with  the  objects  of  this  Association  may  be  appointed  from 
time  to  time  by  the  Board  of  Direction. 

15.  The  Board  of  Direction  may  invite  discussions  of  reports  from 
persons  not  members  of  the  Association. 

16.  An  act  of  the  Board  of  Direction  which  shall  have  received  the 
expressed  or  implied  sanction  of  the  membership  at  the  next  Annual  Con- 
vention of  the  Association  shall  be  deemed  to  be  the  act  of  the  Associa- 
tion, and  shall  not  afterwards  be  impeached  by  any  Member. 


Annual 
Convention. 


Special 
Meetings. 


ARTICLE  VIII. 

MEETINGS. 

i.  The  Annual  Convention  shall  begin  upon  the  third  Tuesday  in 
March  of  each  year,  and  shall  be  held  at  such  place  in  the  City  of  Chicago 
as  the  Board  of  Direction  may  select. 

2.  Special  meetings  of  the  Association  may  be  called  by  the  Board 
of  Direction,  and  special  meetings  shall  be  so  called  by  the  Board  upon 
request  of  thirty  Members,  which  request  shall  state  the  purpose  of  such 
meeting.     The  call   for  such   meeting  shall  be  issued  not  less  than   ten 
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days  in  advance,  and  shall  state  the  purpose  and  place  thereof,  and  no 
other  business  shall  be  taken  up  at  such  meeting. 

3.  The  Secretary  shall  notify  all  members  of  the  time  and  place  of 
the  Annual  Convention  of  the  Association  at  least  thirty  days  in  advance 
thereof. 

4.  Twenty-five  Members  shall  constitute  a  quorum  at  all  meetings 
of  the  Association. 

5.  (a)  The  order  of  business  at  annual  conventions  of  the  Associa- 
tion shall  be  as  follows : 

Reading  of  minutes  of  last  meeting. 
Address  of  the  President. 
Reports  of  the  Secretary  and  Treasurer. 
Reports  of  Standing  Committees. 
Reports  of  Special  Committees. 
Unfinished  business. 
New  business. 
Election  of  officers. 
Adjournment. 

(b)  This  order  of  business,  however,  may  be  changed  by  a  majority 
vote  of  members  present. 

6.  The  proceedings  shall  be  governed  by  "Robert's  Rules  of  Order," 
except  as  otherwise  herein  provided. 

7.  Discussion  shall  be  limited  to  members  and  to  those  invited  by 
the  presiding  officer  to  speak. 


Notification 
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Association 
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Order  of 
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Rules  of 
Order. 
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ARTICLE   IX. 


AMENDMENTS. 

I.  Proposed  amendments  to  this  Constitution  shall  be  made  in  writ- 
ing and  signed  by  not  less  than  ten  Members,  and  shall  be  acted  upon 
in  the  following  manner: 

The  amendments  shall  be  presented  to  the  Secretary,  who  shall  send 
a  copy  of  same  to  each  member  of  the  Board  of  Direction  as  soon  as 
received.  If  at  the  next  meeting  of  the  Board  of  Direction  a  majority 
of  the  entire  Board  are  in  favor  of  considering  the  proposed  amend- 
ments, the  matter  shall  then  be  submitted  to  the  Association  for  letter- 
ballot,  and  the  result  announced  by  the  Secretary  at  the  next  Annual 
Convention.  In  case  two-thirds  of  the  votes  received  are  affirmative, 
the  amendments  sha'l  be  declared  adopted  and  become  immediately 
effective. 


Amendments 


Special 
Commit- 
tees. 


Personnel 
of  Com- 
mittees. 


Outline  of 
Work. 


General. 


GENERAL  INFORMATION. 

(Subject  to  change  from  time  to  time  by  Board  of  Direction.) 

GENERAL    RULES    FOR    THE    PREPARATION,    PUBLICATION 
AND   CONSIDERATION    OF   COMMITTEE    REPORTS. 

(a)    appointment  of  committees  and  outline  of  work. 

i.    The  following  are  standing  committees: 
I.    Roadway. 
II.    Ballast. 

III.  Ties. 

IV.  Rail. 
V.    Track. 

VI.  Buildings. 

VII.  Wooden  Bridges  and  Trestles. 

VIII.  Masonry. 

IX.  Signs,  Fences  and  Crossings. 

X.  Signals  and  Interlocking. 

XI.  Records  and  Accounts 

XII.  Rules  and  Organization. 

XIII.  Water  Service. 

XIV.  Yards  and  Terminals. 

XV.    Iron  and  Steel  Structures.    . 
XVI.    Economics  of  Railway  Location. 
XVII.    Wood  Preservation. 
XVIII.    Electricity. 
XIX.    Conservation  of  Natural  Resources. 

2.  Special  Committees  will  be  appointed  from  time  to  time,  as  may 
be  deemed  expedient,  in  the  manner  prescribed  by  Article  VII,  Clause 
14,  of  the  Constitution. 

3.  The  personnel  of  all  Committees  will  continue  from  year  to 
year,  except  when  changes  are  announced  by  the  Board  of  Direction.  Ten 
per  cent,  of  the  membership  of  each  committee  shall  be  changed  each  year. 

Members  of  committees  who  do  not  attend  meetings  of  committees 
during  the  year  or  render  service  by  correspondence  will  be  relieved  and 
the  vacancies  filled  by  the  Board  at  the  succeeding  annual  convention. 

4.  As  soon  as  practicable  after  each  annual  convention  the  Board 
of  Direction  will  assign  to  each  Committee  the  important  questions 
which,  in  its  judgment,  should  preferably  be  considered  during  the  cur- 
rent year.  Committees  are  privileged  to  present  the  results  of  any  spe- 
cial study  or  investigation  they  may  be  engaged  upon  or  that  may  be 
considered  of  sufficient  importance  to  warrant  presentation. 

(b)     preparation  of  committee  reports. 

5.  The  collection  and  compilation  of  data  and  subsequent  analysis 
in  the  form  of  arguments  and  criticism  is  a  necessary  and  valuable  pre- 
liminary element  of  committee  work. 
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6.  Committees  are  privileged  to  obtain  data  or  information  in  any 
proper  way.  If  desired,  the  Secretary  will  issue  circulars  of  inquiry, 
which  should  be  brief  and  concise.  The  questions  asked  should  be  specific 
and  pertinent,  and  not  of  such  general  or  involved  character  as  to  pre- 
clude the  possibility  of  obtaining  satisfactory  and  prompt  responses. 
They  should  specify  to  whom  answers  are  to  be  sent,  and  should  be  in 
such  form  that  copies  can  be  retained  by  persons  replying  either  by 
typewriter  or  blue-print. 

7.  Committee  reports  should  be  prepared  as  far  as  practicable  to 
conform  to  the  following  general  plan : 

(a)  It  is  extremely  important  that  every  Committee  should  ex- 
amine its  own  subject-matter  in  the  "Manual"  prior  to  each  annual  con- 
vention, and  revise  and  supplement  it,  if  deemed  desirable,  giving  the 
necessary  notice  of  any  recommended  changes  in  accordance  with  Clause 
6  (a)  of  the  General  Rules  for  the  Publication  of  the  "Manual."  If  no 
changes  are  recommended,  statement  should  be  made  accordingly. 

(b)  When  deemed  necessary,  the  previous  report  should  be  reviewed. 

(c)  Subjects  presented  in  previous  reports  on  which  no  action 
was  taken  should  be  resubmitted,  stating  concisely  the  action  desired.  It 
may  not  be  necessary  to  repeat  the  original  text  in  the  report,  reference 
to  former  publication  being  sufficient,  unless  changes  in  the  previously 
published  version  are  extensive.  Minor  changes  can  be  explained  in  the 
text  of  the  report. 

(d)  Technical  terms  used  in  the  report,  the  meaning  of  which  is 
not  clearly  established,  should  be  defined,  but  defined  only  from  the 
standpoint  of  railway  engineering. 

(e)  If  necessary,  a  brief  history  of  the  subject-matter  under  dis- 
cussion, with  an  outline  of  its  origin  and  development,  should  be  given. 

(f)  An  analysis  of  the  most  important  elements  of  the  subject-matter 
should  be  given. 

(g)  The  advantages  and  disadvantages  of  the  present  and  recom- 
mended practices  should  be  set  forth. 

(h)  Illustrations  accompanying  reports  should  be  prepared  so  that 
they  can  be  reproduced  on  one  page.  The  use  of  folders  should  be  avoided 
as  much  as  possible,  on  account  of  the  increased  expense  and  inconvenience 
in  referring  to  them.  Plans  showing  current  practice,  or  necessary  for 
illustration,  are  admissible,  but  those  showing  proposed  definite  design 
or  practice  should  be  excluded.  Recommendations  should  be  confined  to 
governing  principles. 

Illustrations  should  be  made  on  tracing  cloth  with  heavy  black  lines 
and  figures,  so  as  to  stand  a  two-thirds  reduction ;  for  example :  To  come 
within  a  type  page  (4  inches  by  7  inches),  the  illustration  should  be 
made  three  times  the  above  size. 
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Conclusions 


To  insure  uniformity,  the  one-stroke,  inclined  Gothic  lettering  is 
recommended. 

Photographs  should  be  clear  and  distinct  silver  prints. 

(i)  The  conclusions  of  the  Committee  which  are  recommended  for 
publication  in  the  Manual  should  be  stated  in  concise  language,  logical 
sequence,  and  grouped  together,  setting  forth  the  principles,  specifications, 
definitions,  forms,  tables  and  formuke  included  in  the  recommendation. 
Portions  of  the  text  of  the  report  which  are  essential  to  a  clear  interpre- 
tation and  understanding  of  the  conclusions,  should  be  included  as  an 
integral  part  thereof. 
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Filing 
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Publication 
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(C)      PUBLICATION    OF  COMMITTEE  REPORTS. 

8.  (a)  Reports  will  be  required  from  each  of  the  Standing  and 
Special  Committees  each  year. 

(b)  Although  several  subjects  may  be  assigned  to  each  Committee 
by  the  Board  of  Direction,  a  full  report  on  only  one  subject  is  expected 
at  each  annual  convention,  but  the  preliminary  work  on  some  of  the 
remaining  subjects  should  be  in  progress,  and,  when  deemed  advisable, 
partial  reports  of  progress  should  also  be  presented.  This  method  allows 
time  for  their  proper  preparation  and  consideration. 

9.  Committee  reports  to  come  before  the  succeeding  convention  for 
discussion  should  be  filed  with  the  Secretary  not  later  than  November 
30  of  each  year. 

10.  Committees  engaged  upon  subjects  involving  an  extended  investi- 
gation and  study  are  privileged  to  present  progress  reports,  giving  a 
brief  statement  of  the  work  accomplished,  and,  if  deemed  expedient,  a 
forecast  of  the  final  report  to  be  presented. 

11.  Committee  reports  will  be  published  in  the  Bulletin  in  such 
sequence  as  the  Board  of  Direction  may  determine,  for  consideration  at 
the  succeeding  convention.  Reports  will  be  published  in  the  form  pre- 
sented by  the  respective  Committees.  Alterations  ordered  by  the  conven- 
tion will  be  printed  as  an  appendix  to  the  report. 

12.  Committees  should  endeavor  to  secure  written  discussions  of 
published  reports.  Written  discussions  will  be  transmitted  to  the 
respective  Committees,  and  if  deemed  desirable  by  the  Committee,  the 
discussions  will  be  published  prior  to  the  convention  and  be  considered 
in  connection  with  the  report. 

13.  Each  speaker's  remarks  will  be  submitted  to  him  in  writing  be- 
fore publication  in  the  Proceedings,  for  the  correction  of  diction  and 
errors  of  reporting,  but  not  for  the  elimination  of  remarks. 


(d)     consideration  of  committee  reports. 

Sequenc*  14.     The  sequence  in  which  Committee  reports  will  be  considered  by 

the  convention  will  be  determined  by  the  Board  of  Direction. 
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Action 


15.  The  method   of  consideration  of  Committee  reports  will  be  one    Method, 
of  the  following: 

(a)  Reading  by  title. 

(b)  Reading,   discussing   and  acting  upon  each  conclusion  sep- 

arately. 

(c)  By   majority   vote,   discussion    will    be   had    on    each   item. 

Clauses   not   objected   to   when   read   will   be  considered 
as  voted  upon  and  adopted. 

16.  Action  by  the  convention  on  Committee  reports  will   be  one  of    Final 
the  following,  after  discussion  is  closed : 

(a)  Receiving  as  information. 

(b)  Receiving  as  a  progress  report. 

(c)  Adoption   of   a   part   complete   in   itself   and    referring   re- 

mainder back  to  Committee. 

(d)  Adoption  as  a  whole. 

(e)  Recommittal  with  or  without  instructions. 

(f)  Adoption  as  a  whole. 

(g)  Recommendation  to  publish  in  the  Manual. 

Note. — An  amendment  which  affects  underlying  principles,  if  adopted, 
shall  of  itself  constitute  a  recommittal  of  such  part  of  the  report  as  the 
Committee  considers  affe:ted. 

The  Chair  will  decline  to  entertain  amendments  which  in  his  opinion 
lie   entirely  within  the   duties  of  the   Editor. 


(e)     publication  by  technical  journals. 

The  following  rules  will  govern  the  releasing  of  matter  for  publica- 
tion  in   technical   journals: 

Committee  reports,  requiring  action  by  the  Association  at  the  annual 
convention,  will  not  be  released  until  after  presentation  to  the  conven- 
tion ;  special  articles,  contributed  by  members  and  others,  on  which  no 
action  by  the  Association  is  necessary,  rare  to  be  released  for  publication 
by  the  technical  journals  after  issuance  in  the  Bulletin;  provided  appli- 
cation therefor  is  made  in  writing  and  proper  credit  be  given  the  Asso- 
ciation, authors  or  Committees  presenting  such  material. 


GENERAL  RULES  FOR  THE   PUBLICATION  OF  THE  "MANUAL 


Adoption 
of  Reports 
Not  Binding. 


Contents. 


Title.  i.    The  title  of  the  volume  will  be  "Manual  of  the  American  Railway 

Engineering  Association." 

2.  The  Board  of  Direction  shall  edit  the  Manual  and  shall  have 
authority  to  withhold  from  publication  any  matter  which  it  shall  consider  as 
not  desirable  to  publish,  or  as  not  being  in  proper  shape,  or  as  not  having 
received  proper  study  and  consideration. 

3.  Matters  adopted  by  the  Association  and  subsequently  published 
in  the  Manual  shall  be  considered  in  the  direction  of  good  practice,  but 
shall  not  be  binding  on  the  members. 

4.  The  Manual  will  only  include  conclusions  relating  to  definitions, 
specifications  and  principles  of  practice  as  have  been  made  the  subject  of  a 
special  study  by  a  Standing  or  Special  Committee  and  embodied  in  a  com- 
mittee report,  published  not  less  than  thirty  days  prior  to  the  annual  con- 
vention, and  submitted  by  the  Committee  to  the  annual  convention,  and 
which,  after  due  consideration  and  discussion,  shall  have  been  voted 
on  and  formally  adopted  by  the  Association.  Subjects  which,  in  the  opinion 
of  the  Board  of  Direction,  should  be  reviewed  by  the  American  Rail- 
way Association,  may  be  referred  to  that  Association  before  being  pub- 
lished in  the  Manual. 

5.  All  conclusions  included  in  the  Manual  must  be  in  concise  and 
proper  shape  for  publication,  as  the  Manual  will  consist  only  of  a  summary 
record  of  the  definitions,  specifications  and  principles  of  practice  adopted 
by  the  Association,  with  a  brief  reference  to  the  published  Proceedings 
of  the  Association  for  the  context  of  the  Committee  report  and  subsequent 
discussion  and  the  final  action  of  the  Association. 

Revision.  6.     Any  matter  published  in  the  Manual-  may  be  amended  or  with- 

drawn by  vote  at  any  subsequent  annual  convention,  provided  such 
changes  are  proposed  in  time  for  publication  not  less  than  thirty  days 
prior  to  the  annual  convention,  and  in  the  following  manner:  (a)  Upon 
recommendation  of  the  Committee  in  charge  of  the  subject;  (b)  upon 
recommendation  of  the  Board  of  Direction ;  (c)  upon  request  of  five 
members,    made   to   the    Board    of   Direction. 

7.  The  Manual  will  be  revised  either  by  publishing  a  new  edition  or 
a  supplemental  pamphlet  as  promptly  as  possible  after  each  annual  con- 
vention. 
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PROCEEDINGS 


The  object  of  this  Association  is  the   advancement  of    knowledge   pertaining  to  the 

scientific  and  economic  location,  construction,  operation  and  maintenance 

of  railways.    Its  action  is  not  binding  upon   its  Members. 


TUESDAY,  MARCH  21,  1916. 

MORNING  SESSION. 

The  Seventeenth  Annual  Convention  of  the  American  Railway  En- 
gineering Association  was  called  to  order  by  the  President,  Mr.  Robert 
Trimble,  Chief  Engineer  Maintenance  of  Way,  Northwest  System,  Penn- 
sylvania Lines,  at  9:30  a.  m. 

The  President : — The  Seventeenth  Annual  Convention  of  the  Ameri- 
can Railway  Engineering  Association  will  please  come  to  order. 

The  first  order  of  business  is  the  reading  of  the  Minutes  of  the  la.st 
annual  meeting.  Inasmuch  as  these  Minutes  are  very  voluminous  and 
have  been  printed  and  distributed  to  the  members,  their  reading  will  be 
dispensed  with,  if  there  is  no  objection.  Not  hearing  any  objection  to 
this  plan,  the  Minutes  are  approved  as  they  have  been  submitted  to  you. 

We  wish  to  extend  the  privileges  of  the  floor  to  all  visiting  mem- 
bers of  railways  and  others  who  are  interested  in  the  work  of  the  Asso- 
ciation. We  will  be  very  glad  to  have  you  take  part  in  our  discussions, 
and  hope  you  will  be  interested  and  benefitted  in  being  here  with  us. 

The  next  order  of  business  is  the  annual  address  of  the  President. 

PRESIDENT'S   ADDRESS. 

The  work  of  the  past  year  has  been  carried  on  under  unusual  diffi- 
culties. In  the  first  part  of  the  season,  poor  business  made  it  hard  for 
the  railways  to  do  more  than  meet  expenses.  They  are  now  taxed  in 
handling  a  business  largely  due  to  the  European  war,  which,  therefore, 
must  be  of   uncertain   duration. 

Eastern  railways  have  been  handicapped  by  the  congestion  at  the 
seaboard,  due  to  an  inadequate  supply  of  boats.  After  twenty  months  of 
war  there  is  no  immediate  prospect  of  peace.  Uncertainty  as  to  condi- 
tions after  the  war  is  over  makes  it  difficult  for  those  in  control  of 
railway  properties  to  make  provision  for  the  future.  Uncertainty  seems 
to  be  the  prevailing  condition  in  the  railway  world.  Uncertainty  as  to 
prices  and  time  of  delivery  of  supplies,  uncertainty  as  to  wages  and  hours 
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of  service,  uncertainty  as  to  the  effect  of  federal  valuation  and  uncertainty 
as  to  federal  and  state  legislation. 

The  President  suggested  in  his  message  to  Congress  the  appoint- 
ment of  a  commission  to  examine  into  and  report  on  the  entire  railroad 
situation.  This  work,  if  properly  done  by  competent  men  on  broad 
lines,  should  help  towards  a  solution  of  the  future  of  the  railways. 

MEMBERSHIP. 

The  American  Railway  Engineering  Association  has  a  membership 
of  1,336,  a  net  increase  of  100  members  since  the  last  convention.  Our 
growth  is  steady.  We  are  not  as  large  as  any  of  the  four  national 
engineering  societies,  but  our  influence  compares  favorably  with  any  of 
them.  Systematic  effort  should  be  made  to  increase  our  membership  and 
thereby  add  to  the  Association's  influence  and  revenue. 

FINANCE. 

At  the  end  of  the  fiscal  year  for  1915  the  surplus  on  hand  was  $13,- 
880.40,  which  is  $3,431.87  less  than  the  preceding  year.  This  reduction 
is  caused  by  slowness  of  collections.  This  matter  is  receiving  the  atten- 
tion of  the  Board.  Our  finances  are  in  such  condition  that  the  many 
requests  for  appropriations  to  carry  on  special  work  cannot  be  com- 
plied with. 

CO-OPERATION     WITH     OTHER    SOCIETIES. 

The  American  Railway  Engineering  Association  is  represented  on 
joint  committees  co-operating  with  the  American  Society  of  Civil  En- 
gineers, American  Society  for  Testing  Materials,  American  Electric 
Railway  Engineering  Association,  the  National  Electric  Light  Association, 
the  Bureau  of  Standards  of  the  government,  and  others. 

The  Association  received  invitations  to  be  officially  represented  at  the 
Pan-American  Scientific  Congress,  which  was  held  in  Washington,  Decem- 
ber 27,  1915,  to  January  6,  1916,  and  at  the  sixth  National  Good  Roads 
Congress,  which  was  held  in  Pittsburgh,  February  28  to  March  3,  1916. 
These  invitations  were  accepted  and  delegates  were  appointed. 


The  1915  edition  of  the  Manual  has  been  issued  and  is  in  your  hands. 
The  volume  is  a  notable  one,  as  it  covers  the  work  of  the  Association 
for  a  period  of  sixteen  years.  The  American  Railway  Engineering  Asso- 
ciation is  to  be  congratulated  on  this  work.  It  has  become  the  guide 
for  practice  in  railway  engineering  and  maintenance  of  way  work  and 
we  believe  that  it  will  be  indispensable  in  the  railway  operating  offi- 
cer's library.  It  will  also  be  an  important  factor  in  unifying  and  stand- 
ardizing methods  of  work  in  construction,  maintenance  and  operation 
of  railways  in  the  United  States  and  Canada. 

The  Secretary  has  advised  me  that  the  idea  of  publishing  a  Manual 
originated  with  Mr.  A.  W.  Sullivan,  a  former  Vice-President  of  this  Asso- 
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ciation,  but  the  real  credit  for  its  present  form  belongs  to  the  late 
Walter  G.  Berg,  a  former  President;  he  elaborated  Mr.  Sullivan's  idea 
and  worked  out  the  details.  The  rules  formulated  by  Mr.  Berg  have 
practically  remained  as  submitted  by  him. 

GENERAL   INDEX. 

The  matter  of  preparing  a  General  Index  to  the  Proceedings  has  been 
in  hand  for  several  years.  We  are  able  to  advise  you  that  con- 
siderable progress  has  been  made,  and  it  is  expected  that  the  Index  will  be 
ready  for  distribution  during  the  coming  year. 

MONOGRAPHS. 

An  unusual  number  of  important  monographs  have  been  furnished 
by  our  members  this  year.  There  are  three  of  especial  interest ;  one 
on  "Ballast  Tampers  for  Railway  Ties,"  one  on  "A  System  for  Stand- 
ardizing Maintenance  of  Way  Work,"  and  the  other  on  "Rail  Failures." 
These  papers  are  timely,  the  first,  because  of  the  necessity  of  develop- 
ing labor-saving  devices  for  track  work,  the  second,  because  we  need  a 
more  economical  application  of  labor  in  maintenance  of  way  work, 
and  the  third  because  of  the  necessity  of  ascertaining  the  causes  of 
rail  failures  and  applying  the  proper  remedy.  We  suggest  that  a  sum 
of  money  be  annually  set  aside  to  provide  a  suitable  medal  for  the  most 
valuable  paper  offered  during  the  year,  the  medal  to  be  awarded  by  a 
committee  of  disinterested  persons. 

IMPACT   EXPERIMENTS    ON    ELECTRIFIED   RAILWAYS. 

The  management  of  the  Norfolk  &  Weste'rn  Railway,  through  its 
Chief  Engineer,  Mr.  J.  E.  Crawford,  has  tendered  the  Committee  on  Iron 
and  Steel  Structures  the  necessary  facilities  for  making  impact  tests  on 
bridges  under  electric  locomotives  on  the  electrified  portion  of  that 
railway.  It  has  also  offered  the  sum  of  $1,000  to  cover  necessary  ex- 
penses for  making  the  tests.  These  tests  should  develop  valuable  informa- 
tion, and  it  is  hoped  that  other  railways,  having  electrified  sections,  will 
be  sufficiently"  interested  to  have  similar  tests  made  by  the  Committee  on 
their  roads. 

FEDERAL    VALUATION    OF    RAILWAYS. 

The  federal  valuation  of  railways  is  being  actively  prosecuted.  At  the 
present  time,  surveys  have  been  completed  on  about  fifty  thousand  miles 
of  railways,  leaving  approximately  two  hundred  thousand  miles  to  be 
surveyed,   which   will   require   about    four  years. 

FLOOD   PROTECTION. 

A  number  of  places  affected  by  floods  have  secured  state  legislation 
establishing  conservancy  districts  to  provide  for  protection  against  flood 
by  rectification  of  streams  or  storage  reservoirs  or  both.     These  projects 
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are   costly,    and    in    many    cases    contemplate    large    expenditures    on    the 
part  of  the  railroads.  * 

COMMITTEE  WORK. 

In  the  past  our  committee  work  has  been  well  done  and  a  high  stand- 
ard has  been  set.  To  maintain  or  surpass  this  standard  requires  con- 
tinued effort.  We  cannot  afford  to  lose  the  prestige  we  have  gained. 
On  the  other  hand,  we  should  always  keep  before  us  a  high  ideal. 

A  review  of  the  year's  work  shows  that  in  a  number  of  cases  com- 
mittee work  is  incomplete  and  that  much  of  the  work  is  submitted  as 
information.  Care  must  be  exercised  in  submitting  reports  as  informa- 
tion; very  often  this  causes  duplication  of  reading  matter  later  when 
the  committee  makes  its  final  conclusions  and  recommendations,  because 
the  same  information  is  repeated. 

There  appears  to  be  a  growing  disposition  on  the  part  of  the  com- 
mittees to  accept  the  work  of  their  sub-committees  without  review  and 
unification.  Such  reports  should  be  reviewed  and  revised  so  as  to  be- 
come an  integral  part  of  the  final  report  of  the  committee.  Our  Pro- 
ceedings and  Bulletins  will  present  a  better  appearance  if  we  dispense 
with   printing   sub-committee   names   and    apportionment   of    work. 

If  we  are  to  be  successful,  we  must  not  sacrifice  the  quality  of  our 
work  at  the  expense  of  quantity.  If  a  committee  is  unable,  for  good 
reasons,  to  make  a  finished  report,  it  should  have  the  courage  to  ask 
for  more  time. 

CLEARANCES. 

The  American  Railway  Association  assigned  to  us  the  subject  of 
clearances.  This  is  one  of  the  most  important  subjects  to  be  considered 
at  this  convention.  The*  recommendations  which  we  make  to  the  Ameri- 
can Railway  Association  should  be  of  such  character  as  to  have  a  favor- 
able influence  on  the  legislation  now  pending  before  the  national  con- 
gress and  the  several  state  public  utilities  commissions.  These  recom- 
mendations  must  also  be  approved  by  the   railway  companies. 

The  subject  of  clearances  is  of  vital  importance  to  the  railroads, 
and  we  urge  the  most  careful  consideration  by  our  legislative  bodies 
and  railway  executives,  in  order  that  the  interests  of  the  public  be 
cared  for,  and  the  interests  of  the  transportation  system  of  the  coun- 
try conserved.  If  the  railways  are  required  to  provide  the  clearances 
demanded  by  labor  representatives  from  our  legislative  bodies,  large  and 
expensive  properties  must  be  either  reconstructed  at  enormous  expense 
or  abandoned. 

Every  officer  in  the  executive,  operating  and  engineering  depart- 
ments of  our  railways  will  heartily  approve  of  a  program  of  legislation 
which  will  be  beneficial  to  all,  provided  that  the  program  be  a  reason- 
able one,  and  that  the  funds  therefor  can  be   furnished  by  the  railways. 

Those  intimately  acquainted  with  this  subject  believe  that  any  new 
legislation  should  relate  only  to  new  construction  and  to  radical  recon- 
structions of  existing  facilities,  such  as  grade  separation  work,  but  that 
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it  should  not  apply  to  other  existing  construction  where  the  expenditure 
required  to  make  a  change  is  out  of  proportion  to  the  benefits  to  be 
gained. 

RAIL    STUDY. 

The  railways  of  the  United  States  normally  require  about  three 
million  tons  of  rail  annually,  costing  in  round  numbers  about  ninety 
million  dollars.  This  is  one  of  the  large  items  of  maintenance  expendi- 
ture, and  proper  specifications  and  inspection  for  this  expenditure  are  of 
the  greatest  importance. 

Our  Association,  through  the  Rail  Committee  and  its  engineer  of 
tests,  has  performed  a  valuable  service  in  this  matter,  but  we  have  not 
reached  the  place  where  we  can  say  that  the  specifications  need  no 
further  revision  or  that  the  methods  of  inspection  are  satisfactory. 

Since  January,  1910,  there  has  been  expended  for  investigations 
under  the  supervision  of  the  Rail  Committee,  $42,564.67,  which  amount 
was  furnished  by  the  American  Railway  Association.  In  order  to  place 
this  work  on  a  more  stable  basis,  the  American  Railway  Association 
has  been  requested  to  appropriate  ten  thousand  dollars  a  year  for  the 
next  five  years. 

The  proper  method  of  inspection  of  rails  has  not  been  satisfactorily 
worked  out.  One  large  system  now  provides  that  the  chemical  analysis 
shall  be  taken  from  the  finished  rail  in  preference  to  the  analysis  from 
a  test  ingot.  Another  large  system,  last  year,  purchased  rails  under 
the  "nick  and  break"  test  for  every  ingot.  This  method  of  inspection 
developed  fewer  rejections  than  under  previous  methods,  resulting  in  a 
direct  financial  benefit  to  the  mill. 

The  manufacturers  are  not  making  any  concessions  to  the  rail- 
ways, and  a  change  from  the  manufacturer's  standard  specifications  has 
generally  resulted  in  a  considerable  increase  in  price.  The  method  of 
accepting  rails  on  the  basis  of  the  chemistry  of  a  test  ingot  cannot  be 
maintained  much  longer,  and  it  is  therefore  the  duty  of  the  manufac- 
turers and  the  railways  to  agree  on  some  other  more  reliable  method. 

It  is  also  necessary  to  prescribe  uniform  methods  of  determining  the 
chemical  constituents  of  the  material  in  our  rails,  joints,  bolts,  etc. 
Laboratory  methods  now  vary  and  the  results  obtained  from  different 
laboratories  are  not  uniform.  This  is  also'  true  with  reference  to  the 
"yield  point"  in  making  physical  tests.  The  speed  of  the  testing  machine 
at  the  time  of  determining  the  "yield  point"  is  an  important  factor  in  the 
results  obtained  and  comparisons  of  tests  of  the  same  material  made 
by  commercial  and  private  laboratories  indicate  wide  variations.  The 
American  Society  for  Testing  Materials  is  working  on  this  subject. 
We  should  insist  that  specifications  for  uniform  methods  of  testing  be 
agreed  upon  speedily. 

Some  engineers  are  designing  rail  sections  differing  slightly  from 
those  in  present  use  or  from  those  that  have  been  proposed.  We  hope 
that    any    railway   officers    considering   a    change    to    a    heavier    rail    will 
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give  careful  consideration  to  the  sections  of  tins  Association,  for  we 
believe  that  sufficient  merit  will  be  found  in  them  to  warrant  their 
adoption. 

SMOKE    ABATEMENT    AND    ELECTRIFICATION     OF     RAILWAY     TERMINALS     IN 

CHICAGO. 

A  notable  report  has  been  made  by  the  Chicago  Association  of 
Commerce  Committee  on  the  results  of  its  investigation  on  smoke  abate- 
ment and  electrification  of  railway  terminals  in  Chicago.  This  report  has 
been  awaited  for  a  long  time  with  the  expectation  that  it  would  prove 
to  be  an  interesting  study  in  this  branch  of  engineering.  It  has  justi- 
fied the  expectations.  It  recommends  no  constructive  program  and 
outlines  no  course  of  action  for  the  future.  It  codifies  the  whole  prob- 
lem of  atmospheric  pollution  and  clearly  defines  the  proper  relation  of 
electric  motive  power  on  the  railroads  to  the  question  of  municipal  smoke 
abatement.  This  work  has  never  been  done  before  with  such  thorough- 
ness, and   its   publication   is   a   distinct   service. 

This  report  shows  that  steam  locomotives  are  responsible  for  about 
22  per  cent,  of  the  total  visible  smoke  discharge  within  the  Chicago  city 
limits,  and  definitely  indicates  that  the  railways  are  not  responsible  for 
the  smoke  conditions  in  the  larger  cities,  and  that  if  all  the  smoke  pro- 
duced by  the  railways  was  to  be  eliminated,  there  would  still  be  a  large 
amount  of  smoke  and  dirt  from  other  causes,  unless  electrification  is 
extended  to  all  other  lines  of  industry. 

EXTRAVAGANT   RAILWAY    TERMINALS. 

Work  on  the  new  union  station  in  Chicago  has  begun.  The  railroads 
are  being  criticized  for  their  extravagant  passenger  terminals,  and  this 
one  is  no  exception.  A  visitor  from  Australia  recently  speaking  in  Chi- 
cago commented  on  our  extravagant  terminals,  especially  the  "gilt  stair- 
ways and  marble  halls,"  and  his  tale  has  been  taken  up  by  the  promi- 
nent newspapers  and  magazines  all  over  the  country.  A  great  lack  of 
knowledge  is  shown  by  the  critics  in  regard  to  the  amount  of  money 
being  spent  for  the  beautification  of  a  large  railway  terminal. 

Take  the  new  Chicago  Union  Station  as  an  example,  estimated  to 
cost,  in  round  numbers,  fifty  million  dollars.  Nearly  thirty-five  millions 
represents  land.  The  figure  cannot  possibly  change,  no  matter  what 
kind  of  structures  are  placed  upon  it,  unless  a  location  in  the  heart  of 
the  city,  which  is  the  place  where  the  traveling  public  wants  to  land, 
is  abandoned  or  smaller  facilities  accepted.  About  five  millions  are  for 
changing  streets,  rebuilding  viaducts  and  bridges  and  reconstructing 
public  utilities,  and  this  cannot  be  escaped  because  the  necessary  en- 
largement of  the  station  to  take  care  of  a  growing  business  requires 
the  reconstruction  of  these  bridges  and  streets.  About  five  millions  are 
for  tracks,  signals,  interlockings,  platforms,  train  sheds,  power  plant  and 
the  necessary  appurtenances  of  the  station.     This  leaves  five  million  dol- 
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lars  for  the  headhouse  and  concourse,  the  only  part  of  the  station  where 
there  can  be  any  real  question  as  to  extravagance. 

If  a  strictly  utilitarian  headhouse  and  concourse,  the  part  that  the 
public  thinks  of  as  the  station,  were  to  be  constructed,  the  total  cost 
might  be  reduced  two  million  dollars.  This  figure  represents  what  the 
railroad  companies  are  paying  for  an  advertisement,  for  the  comfort 
and  pleasure  of  its  patrons,  and  the  beautification  of  the  city.  The  in- 
terest on  this  amount  is  one  hundred  thousand  dollars  per  annum.  How 
much  yearly  advertising  would  the  newspapers,  read  by  the  patrons  of 
the  station,  furnish  the  four  or  five  railroads  using  it  for  one  hundred 
thousand  dollars  per  year,  and  would  it  be  as  effective  as  that  provided 
by  the  railroad  companies  in  furnishing  a  beautiful  as  well  as  a  utilitarian 
structure?  An  analysis  of  the  cost  of  other  named  extravagant  ter- 
minals would  disclose  similar  results.  It  must  also  be  borne  in  mind  that 
this  construction  is  to  provide  for  the  next  thirty  years  or  more. 

An  editor  in  South  Bend,  Ind.,  has  really  approached  this  subject 
in  a  broader  spirit  than  those  of  some  of  our  great  newspapers.  He 
says:  "It  is  true  that  much  more  money  has  been  spent  in  those  ter- 
minals than  the  efficiency  of  getting  to  trains  requires.  But  when  Mr. 
Gordon  warns  us  that  we  ought  to  be  satisfied  with  structures  built 
purely  for  efficiency,  sacrificing  architectural  beauty  to  revenue-producing, 
it  is  not  plain  that  he  is  taking  the  right  stand. 

"In  the  middle  ages,  communities  built  magnificent  cathedrals — and 
paid  for  them — and  who  questions  the  ennobling  effects  of  these  rich 
and  spacious  structures  on  all  beholders?  They  satisfied  and  glorified  the 
lives  not  only  of  those  who  built  them,  but  also  of  their  descendants. 
The  genius  of  the  American  people  runs  to  transportation  and  to  busi- 
ness. Why  not  express  through  those  mediums  the  artistic  soul  of  the 
nation?  Who  that  ever  stood  before  the  massive  pillars  of  the  North- 
western in  Chicago,  who  that  ever  walked  the  floor  of  the  'wasteful' 
concourse  in  the  Pennsylvania  station  in  New  York  with  its  noble  space 
and  simplicity,  its  astonishing  and  grateful  silence,  can  ever  think  of  them 
without  a  thrill?" 

ELECTRIFICATION. 

Three  notable  pieces  of  steam  railway  electrification  have  been 
placed  in  operation  during  the  year.  The  first  is  on  the  Norfolk  & 
Western  Railway,  where  an  electric  service  for  heavy  coal  freight  traffic 
has  been  inaugurated  between  Bluefield  and  Vivian,  W.  Va. 

The  second  important  installation  is  on  the  Pennsylvania  Railroad 
main  line  between  Paoli  and  Broad  Street  station,  Philadelphia,  where 
the  suburban  passenger  service  is  operated  electrically.  The  work  in- 
volves twenty  miles  of  four-track  railroad,  in  places  complicated  by  addi- 
tional tracks  and  intricate  yard  work. 

The  third  piece  of  work  is  on  the  Chicago,  Milwaukee  &  St.  Paul 
Railway.  One  hundred  and  thirteen  miles  of  main  line  between  Three 
Forks  and  Deer  Lodge,   Mont.,  were  placed   in  operation,  and  the  elec- 
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trification   is   to   be   extended   as   rapidly   as   possible   over    four   hundred 
and  forty  miles  of  road  from  Harlowton  to  Avery,  Idaho. 

RAILWAY    CONSTRUCTION. 

The  most  important  piece  of  railway  construction  of  the  past  year, 
the  Clark's  Summit-Hallstead  cut-off  of  the  Delaware,  Lackawanna  & 
Western  Railroad,  was  put  into  service  November  7,  1915.  The  largest 
concrete  bridge  in  the  world,  the  Tunkhannock  viaduct,  is  on  this  work. 
It  is  2,375  feet  long,  with  ten  spans  of  180  feet  each  and  two  spans  of 
100  feet  each,  with  a  height  of  240  feet  above  the  surface  of  the  stream 
and  300  feet  from  bed  rock. 

One  of  the  few  pieces  of  heavy  railroad  construction  in  progress  at  the 
present  time  is  the  Chesapeake  &  Ohio  Northern  Railway,  a  line  from 
Edington,  Ky.,  to  Waverly,  Ohio.  A  bridge  over  the  Ohio  River  at 
Scioto ville  forms  an  important  feature  of  the  project.  The  notable 
feature  of  this  bridge  is  the  superstructure  for  the  two  channel  spans, 
775  feet  each.  This  superstructure  consists  of  a  single  symmetrical 
truss  structure,  1,550  feet  long,  continuous  over  three  supports.  It  will 
be  unusual  also  for  the  fact  that  the  trusses  are  said  to  be  the  longest 
and  heaviest  riveted  trusses  ever  built  in  America. 

BRIDGE    WORK. 

The  construction  of  the  Quebec  bridge,  containing  the  world's  long- 
est span,  1,800  feet,  has  progressed  during  the  year.  At  the  end  of  the 
working  season  of  1915  about  44,000  tons  of  a  total  of  63,000  tons  had 
been    erected. 

Another  notable  piece  of  railroad  bridge  work  is  that  of  9771/?. 
feet  Hell  Gate  arch  on  the  New  York  Connecting  Railroad,  where  the 
closure  was  successfully  accomplished  on  October  1,  1915,  or  four 
months  after  work  on  the  main  arches  begun.  During  that  period 
13,000  tons  of  material  was  placed. 

The  moving  of  three  240-foot  double-track  spans  on  the  P.  C.  C.  & 
St.  L.  Railway  proved  an  interesting  feat  in  bridge  construction.  The 
new  bridge  was  erected  beside  the  old  bridge,  and  after  all  arrangements 
had  been  perfected  and  the  last  train  had  crossed  the  bridge,  in  its  tem- 
porary position,  the  tracks  were  broken  and  in  seven  minutes  the  bridge 
was  in  the  new  position,  having  moved  a  distance  of  forty-seven  feet, 
the  time  during  which  the  tracks  were  disconnected  being  ten  minutes 
and  seventeen  seconds. 

The  channel  and  approach  spans  of  the  Ohio  Connecting  Railway 
bridge  over  the  Ohio  River,  at  Pittsburgh,  were  reconstructed  for  double 
track.  Traffic  was  maintained  on  the  original  single-track  bridge,  and 
the  new  bridge  was  erected  outside  of  and  enveloping  the  old  structure. 
The  cantilever  method  was  used  without  placing  false  work  or  staging 
in  the  river  for  the  channel  span. 
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IN   CONCLUSION. 

It  is  my  painful  duty  to  mention,  among  others,  the  death  of 
General  Grenville  M.  Dodge,  an  honorary  member  of  the  Association, 
who  died  at  his  home,  Council  Bluffs,  Iowa,  January  3,  1916.  General 
Dodge  was  prominently  connected  with  surveys  and  construction  of  some 
of  the  early  railroads,  notably  the  Union  Pacific  Railroad.  He  also 
rendered  eminent   service  to  his  country. 

In  conclusion  I  wish  to  thank  the  members  of  the  Association  and 
committees  for  their  continued  interest,  the  members  of  the  Board  for 
their  hearty  support,  and  the  efficient  Secretary  for  his  great  assistance. 

(Applause.) 

The  President : — The  next  order  of  business  is  the  report  of  the 
Secretary  and  of  the  Treasurer. 

REPORT  OF  SECRETARY. 

To  the  Members  of  the  American  Railway  Engineering  Association : 

Your  Association  has  made  decided  progress  in  the  year  just  passed 
in  "the  advancement  of  knowledge  pertaining  to  the  scientific  and  eco- 
nomic location,  construction,  operation  and  maintenance  of  railways." 

In  addition  to  the  usual  Bulletins  and  Proceedings  issued  during  the 
year,  the  new  Manual  has  been  placed  in  your  hands.  The  Manual  will 
add  materially  to  the  prestige  of  your  Association. 

The  membership  is  increasing  steadily,  the  net  gain  for  the  year  be- 
ing one  hundred  members. 

Owing  to  the  depressed  business  conditions  prevailing  during  the 
year  1915  and  the  slowness  of  collections,  the  receipts  have  been  reduced, 
resulting  in  an  excess  of  disbursements  over  receipts  of  $3,431.87.  This 
decrease,  it  is  believed,  will  be  more  than  offset  during  the  present  year 
by  the  proceeds  from  the  new  Manual  and  increased  collection  of  dues, 
etc. 

The  Association  has  sustained  the  loss  of  the  following  members 
by  death  during  the  year : 

W.  M.  Hughes,  Consulting  Bridge  Engineer. 

F.  W.  Scarborough,  Consulting  Engineer. 

H.  W.  Cowan,  Chief  Engineer,  Colorado  &  Southern  Railway. 
C.  C.  Schneider,  Consulting  Engineer. 

William  Hunter,  Chief  Engineer,  Philadelphia  &  Reading  Railway. 
A.  L.  Bowman,  Consulting  Bridge  Engineer. 

C.  C.  Wentworth,  Principal  Assistant  Engineer,  Norfolk  &  Western 
Railway. 

G.  W.  Merrell,  Assistant  to  General  Manager,  Norfolk  &  Western 
Railway. 

Ward  Crosby,  Chief  Engineer,  Carolina,  Clinchfield  &  Ohio  Railway. 
J.  W.  Ebes-,  General  Manager,  Toronto,  Hamilton  &  Buffalo  Railway. 
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C.  A.  Stephens,  Chief  Engineer,  Texas  City  Terminal  Railway. 

Edward  Gray,  Contracting  Engineer. 

General  Grenville  M'.  Dodge  (Honorary  Member). 

MEMBERSHIP. 

Number  members  last  annual  report 1236 

Admitted  during  the  year 131 

Deceased   members    13 

Resigned    9 

Dropped   9 

31  31 

Net  gain  during  year 100  100 

Total  membership    1336 

FINANCIAL  STATEMENT. 

Balance  on  hand  January  1,  1915 $17,312.27 

Receipts  during  ihe  year: 

From   Entrance   Fees $  1,000.00 

"      Dues  5,185.00 

Subscriptions  to   Bulletin 5,342.35 

"      Binding  Proceedings  and  Manual 496.50 

"       Sale   of    Proceedings 3,319.48 

"       Sale  of  Manual 138.61 

"      Sale  of  Bulletins 497.57 

"       Sale  of   Specifications 136.45 

"      Sale   of   Leaflets 334.35 

"      Advertising    125.10 

"      Interest  on  Bank  Balance 123.85 

"      Interest    on    Investments 275.73 

"      Sale  of  Badges 42.00 

"       Sale  of  Dinner  Tickets 1,277.50 

"       Miscellaneous    32.15 

"      American  Ry.  Assn.   (Rail  Committee) 5,792.03 

Total   Receipts $24,118.67 

Disbursements  during  the  year: 

For  Stationery    and    Printing $  557.90 

"     Proceedings    3,967.23 

"    Bulletins 5,921.35 

"     Manual    32.26 

"     Salaries   5,600.00 

"     Officers'   Expenses    21.95 

"    Postage    : 859.38 

"     Telephone    and    Telegrams 133.84 

"     Committee  Expenses    103.55 

"     Supplies 346.47 

"     Rents    1,064.96 

Expressage    480.07 

"    Light   29.20 

"    Annual    Meeting   Expenses 1,700.75 

"     Equipment    8.30 
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For  Exchange    49.80 

"     Miscellaneous    102.95 

Compiling    General    Index 550.00 

"     Contribution  to   Electricity   Committee 225.00 

"    Rail    Committee    .* 5,795.58 

Total   Disbursements $27,550.54 

Excess  of  Disbursements  over  Receipts 3,431.87 

Balance  on  hand  December  31,  1915 ..$13,880.40 

STRESSES  IN  TRACK  FUND. 

Balance  on  hand  January  1,  1915 $  9,767.30 

Received  from  Interest  in  1915 278.85 

$10,046.15 
Expenditures  during  1915 : 

Committee    Expenses    $  70.46 

Salaries 2,343.47 

Transportation  19.83 

Hotels  and  Meals 7.95 

Supplies  423.52 

Stationery   and    Printing 6.50 

Postage   '. 10.00 

Expressage   16.41 

Telegrams    1.30 

Equipment     69.15 

Sundries    12.23 

Total  Disbursements   ' $  2,980.87 

Balance  of  fund  on  hand,  December  31,  1915 $  7,065.28 

Respectfully  submitted, 

E.  H.  FRITCH,  Secretary. 

REPORT  OF  THE  TREASURER. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

I   have  the  honor  to  present   the   following   report    for  the  calendar 
year  ending  December  31,  1915: 

Balance  on  hand  January  1,  1915 • $17,312.27 

Receipts   during   1915 $24,118.67 

Paid  out  on  audited  vouchers 27,550.54 

Excess  of  Disbursements  over  Receipts $  3,431.87        3,431.87 

Balance  on  hand  December  31,  1915 $13,880.40 

Consisting  of 

Six  Railway  bonds,  at  cost $  5,206.06 

Four  N.  W.  Park  Dist.  bonds,  at  cost 4,062.00 

Cash  in  Standard  Trust  and  Savings  Bank 4,612.34 

$13,880.40 
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STRESSES  IN  TRACK  FUND. 

Balance  on  hand  January  1.  1915 $  9,767.30 

Received  from  Interest  in  1915 278.85 

$10,046.15 
Paid  out  on  audited  vouchers  in  1915 2,980.87 

Balance  of  fund  on  hand  December  31,  1915 $  7,065.28 

The  securities  listed  above  are  in  a  safety  deposit  box  in  the  vaults 
of  the  Merchants'  Loan  and  Trust  Company,  Chicago. 

Respectfully  submitted, 

GEO.  H.  BREMNER,  Treasurer. 

On  motion,  the  reports  of  the  Secretary  and  of  the  Treasurer  were 
accepted. 

The  President: — Before  taking  up  the  regular  order  of  business, 
there  are  one  or  two  announcements  to  be  made  at  this  time.  There  is 
a  report  on  the  subject  of  Clearances,  Bulletin  184.  The  Chair  has  been 
advised  that  some  members  did  not  know  of  this  report,  did  not  know 
that  the  Committee  to  which  this  subject  had  been  assigned  was  the  one 
to  look  for  such  a  report.  This  is  one  of  the  most  important  reports 
that  we  have  and  we  can  waste  a  great  deal  of  time  by  approaching  this 
in  an  improper  way.  I  have  this  suggestion  to  make:  We  feel  that 
there  are  a  number  of  you  who  will  want  to  make  amendments  or  sug- 
gest changes  in  this  report,  when  it  comes  before  you.  We  hope  that 
anyone  who  wishes  to  make  changes  in  the  report  will  have  his  amend- 
ments written  out  so  that  he  can  hand  them  to  the  Secretary  or  the 
Chairman,  and  thereby  we  can  gain  time  in  the  discussion  of  this  report. 
If  you  try  to  frame  changes  in  the  report  on  the  floor  we  will  waste  a 
great  deal  of  time.  Anyone  who  wishes  to  make  changes  in  the  report 
will  please  come  with  motions  right  to  the  point.  I  also  wish  to  call 
attention  to  the  fact  that  we  have  a  long  program  and  we  want  to  con- 
fine ourselves  strictly  to  the  subjects  before  us.  Sometimes  the  wording 
of  the  report  is  not  just  exactly  what  some  of  you  would  like  to  have 
it.  There  may  be  some  grammatical  errors,  but  we  have  not  time  in  the 
convention  to  discuss  those  matters.  We  have  a  Committee  whose  busi- 
ness it  is  to  edit  these  reports  and  such  matters  will  be  referred  to  that 
Committee.  If  any  of  you  have  any  suggestions  to  make  in  regard  to 
such  matters,  you  will  kindly  write  them  out  and  hand  them  to  the 
Secretary. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — Before  proceeding  with  the 
regular  order  of  business  I  would  like  to  bring  the  matter  of  the  Gen- 
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eral  Index  to  the  attention  of  the  members.  It  has  been  found  that  the 
preparation  of  this  Index  involves  a  considerable  cost,  amounting  to 
over  $2,000.  The  financial  condition  of  the  Society  is  such  that  it  can- 
not take  on  this  additional  burden  without  having  a  deficit,  and  in  con- 
sequence it  has  been  decided  by  the  Board  that  a  motion  should  be  made 
before  the  house  that  a  reasonable  charge  be  made  to  the  members  for 
this  book.  This  volume  is  a  General  Index — detail  indexes  have  been 
furnished  with  all  the  volumes.  I  therefore  offer  the  following  resolu- 
tion: 

"Resolved,  That  on  account  of  the  cost  of  production  and  publica- 
tion, the  General  Index  now  being  prepared  shall  not  be  presented  to 
members  free,  but  that  a  reasonable  charge  shall  be .  made  to  cover  the 
expense  of  the  volume,  to  be  furnished  at  the  following  prices :  To 
Members:  Paper,  $1.00;  cloth,  $1.50;  half-morocco,  $2.00.  To  Non-mem- 
bers:    Paper,  $2.00;  cloth,  $2.50;  half-morocco,  $3.00." 

This  is  really  a  very  valuable  engineering  index,  and  it  is  being 
offered  at  less  cost  than  indexes  of  this  character  which  are  published 
are  ordinarily  furnished. 

(The  resolution  was  adopted.) 

The  President : — The  Chair  would  request  each  member  who  rises 
to  speak  to  announce  his  name  very  clearly,  together  with  the  road  with 
which  he  is  connected,  so  that  the  names  can  be  heard  by  the  reporter. 
I  have  to  make  a  confession  to  you  that,  while  many  of  your  faces  are 
very  familiar  to  me,  I  have  considerable  difficulty  in  naming  you  in- 
stantly, so  I  hope  you  will  announce  your  names  when  you  speak. 

The  first  Committee  to  present  a  report  is  that  of  the  Committee  on 
Signals  and  Interlocking.  The  Committee  will  please  come  forward  and 
take  their  places  on  the  platform. 

The  report  of  the  Committee  on  Signals  and  Interlocking  will  be 
presented  by  the  Chairman,  Mr.  C.  C.  Anthony. 

(See  report,  pp.  65-75;  discussion,  pp.  783-785.) 

The  President : — The  report  of  the  Committee  on  Signs,  Fences  and 
Crossings  will  be  presented  by  Mr.  W.  F.  Strouse. 

(See  report,  pp.  77-88;  discussion,  pp.  786-791.) 

The  President: — The  next  report  is  that  of  the  Committee  on  Water 
Service,  Mr.  A.  F.  Dorley,  Chairman. 

(See  report,  pp.  89-97;  discussion,  pp.  792-795.) 
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AFTERNOON  SESSION. 

The  President: — The  first  report  to  be  considered  this  afternoon  is 
that  of  the  Committee  on  Iron  and  Steel  Structures,  Mr.  A.  J.  Himes, 
the  Chairman  of  the  Committee,  will  present  the  report. 

(See  report,  pp.  99-140;  discussion,  pp.  796-806.) 

The  President: — The  next  report  which  we  will  take  up  is  that  of  the 
Committee  on  Wooden  Bridges  and  Trestles,  and  Mr.  E.  A.  Frink,  the 
Chairman  of  the  Committee,  will  present  the  report. 

(See  report,  pp.  185-212;  discussion,  pp.  807,  808.) 

The  President : — The  report  of  the  Committee  on  Masonry  will  be 
presented  by  the  Vice-Chairman,  Mr.  F.  L.  Thompson,  in  the  absence  of 
the  Chairman,  Mr.  Schall. 

(See  report,  pp.  213-232;  discussion,  pp.  809-824.) 

EVENING  SESSION. 

The  meeting  was  called  to  order  by  President  Trimble  at  7 :40  o'clock. 

Capt.  Robert  W.  Hunt  presented  a  paper,  entitled  "The  Nick  and 
Break  Test  in  the  Inspection  of  Steel  Rails,"  and  commented  on  the  lan- 
tern slides,  illustrating  the  paper. 

(See  pp.  751-776;  discussion,  pp.  825-835.) 

Mr.  Earl  Stimson  presented  his  paper  on  "A  System  for  Standard- 
izing Maintenance  of  Way  Work,"  and  commented  on  the  lantern  slides, 
illustrating  the  paper. 

(See  Part  2,  pp.  247-263;  discussion,  pp.  836-839.) 

WEDNESDAY,  MARCH  22,  1916. 

MORNING  SESSION. 

The  meeting  was  called  to  order  by  the  President  at  9 :30  a.  m. 

The  President: — The  first  report  this  morning  will  be  that  of  the 
Committee  on  Ties,  and  it  will  be  presented  by  the  Chairman,  Mr.  L.  A. 
Downs. 

(See  report,  pp.  233-270;  discussion,  pp.  840-846.) 

The  President : — The  next  report  is  that  of  the  Committee  on  Con- 
servation of  Natural  Resources,  Mr.  R.  C.  Young,  Chairman. 

(See  report,  pp.  271-278;  discussion,  pp.  847-849.) 

The  President: — The  report  of  the  Committee  on  Yards  and  Ter- 
minals will  be  presented  by  the  Chairman,  Mr.  E.  B.  Temple. 

(See  report,  pp.  279-298;  discussion,  pp.  850-853.) 
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The  President: — The  report  of  the  Committee  on  Uniform  General 
Contract  Forms  will  be  presented  by  the  Chairman,  Mr.  E.  H.  Lee. 

(See   report,   pp.   299-307;    discussion,   854-860.) 

The  President : — Prof.  A.  N.  Talbot  will  present  the  report  of  the 
Committee  on  Stresses  in  Railroad  Track.    ■ 

(See  report,  pp.  309,  310;  discussion,  pp.  861-863.) 

AFTERNOON  SESSION. 

The  first  report  this  afternoon  will  be  that  of  the  Committee  on 
Rules  and  Organization.  It  will  be  presented  by  the  Chairman,  Mr. 
G.  D.  Brooke. 

(See  report,  pp.  423-445;  discussion,  pp.  864-889.) 

The  President: — The  Tellers  are  ready  to  make  their  report,  and 
the  Secretary  will  read  it. 

Secretary  Fritch  then  read  the   following  report : 

REPORT  OF  TELLERS. 

Total  Votes  Cast 685 

Not  Endorsed  and  Not  Counted 25 

Total   Counted    660 

President: 

A.    S.   Baldwin 659 

Vice-President: 

C.   A.   Morse 657 

W.   H.   Courtenay 2 

A.    H.    Stead 1 

Treasurer: 

Geo.   H.    Bremner 656 

E.   A.   Hadley 2 

C.   H.   Cartlidge 1 

C.  G.  Delo 1 

Secretary: 

E.  H.   Fritch 659 

Directors: 

R.    N.    Begien 263 

C.  E.  Lindsay 242 

W.  D.  Pence 240 

L.  A.  Downs 227 

J.  E.  Willoughby 220 

J.  V.   Hanna 217 

F.  E.   Turneaure 213 

W.  M.  Dawley 182 

A.   J.    Himes 139 

F.    Merritt    2 

E.  R.  Lewis 1 

E.  A.  Hadley 1 

C.  P.  Howard 1 
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Nominating  Committee: 

A.   M.    Burt 450 

A.  F.  Robinson 389 

E.   B.   Temple 388 

M.  A.  Long 358 

W.  K.  Hatt 320 

V.  K.  Hendricks 280 

O.  E.  Selby 272 

A.  R.  Raymer 263 

A.  F.  Dorley 249 

A.  Montzheimer   201 

Scattering   12 

(Signed)  W.  T.  Dorrance, 
W.  T.  Eaton, 
T.  S.  Stevens, 
C.  H.  Fake, 

■    ,  '  O.   RlCKERT,      • 

A.  M.  Van  Auken, 
W.  F.  Ogle, 

Tellers. 

THURSDAY,  MARCH  23,  1916. 

MORNING  SESSION. 

The  President : — The  first  report  to  be  taken  up  this  morning  is  that 
of  the  Committee  on  Roadway,  Mr.  W.  M.  Dawley,  Chairman. 

(See  report,  pp.  311-322;  discussion,  pp.  890,  891.) 

The  President: — The  next  report  is  that  of  the  Committee  on  Ballast, 
and  it  will  be  presented  by  the  Chairman,  Mr.  H.  E.  Hale. 

(See  report,  pp.  323-368;  discussion,  pp.  892-901.) 

The  President : — The  report  of  the  Committee  on  Track  will  be  sub- 
mitted by  Mr.  J.  B.  Jenkins,  Chairman. 

(See  report,  pp.  369-392;  discussion,  p.  902.) 

The  President: — Mr.  M.  A.  Long,  Chairman  of  the  Committee  on 
Buildings,  will  present  the  report  of  that  Committee. 

(See  report,  pp.  393-398;  discussion,  pp.  912,913.) 

The  President : — In  the  absence  of  the  Chairman  and  Vice-Chairman 
of  the  Committee  on  Electricity,  the  report  will  be  presented  by  Mr. 
C.  E.  Lindsay. 

(See  report,  pp.  399-406;  discussion,  page  914.) 

The  President : — Dr.  Hermann  von  Schrenk,  Chairman  of  the  Com- 
mittee on  Grading  of  Lumber,  will  present  the  report. 

(See  report,  pp.  407-411;  discussion,  pp.  915-917.) 

The  President : — The  report  of  the  Committee  on  Records  and  Ac- 
counts will  be  submitted  by  the  Chairman,  Mr.  W.  A.  Christian. 

(See   report,   pp.  413-421;    discussion,  page  918.) 
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The  President : — Mr.  Earl  Stimson,  Chairman  of  the  Committee  on 
Wood  Preservation,  will  present  the  report  of  that  Committee. 

(See  report,  pp.  447-482;  discussion,  page  807.) 

The  President : — The  report  of  the  Committee  on  Economics  of  Rail- 
way Location  will  he  submitted  by  the  Chairman,  Mr.  John  G.  Sullivan. 

(See  report,  pp.  779,  780;  discussion,  page  924.) 

The  President: — The  last  report  to  be  considered  is  that  of  the  Rail 
Committee.     Mr.  J.  A.  Atwood,  Chairman,  will  present  the  report. 

(See  report,  pp.  483-776;  discussion,  page  920.) 

The  President : — The  next  is  new  business.  Are  there  any  resolu- 
tions to  be  offered? 

Secretary  Fritch : — I   desire  to  offer  the  following  resolutions  : 

Resolved,  By  the  members  of  the  American  Railway  Engineering 
Association,  in  convention  assembled,  that  we  place  on  record  our  hearty 
thanks  and  appreciation  to — 

Dr.  John  A.  Brashear, 
Hon.  Rodolphe  Lemieux, 
Arnold  W.  Brunner,  Esq.,  and  the 
Rev.  Allen  A.  Stockdale, 
for  their  admirable  and  instructive  addresses  at  the  annual  dinner  on  the 
evening  of  March  22d. 

To  the  National  Railway  Appliances  Association  for  the  compre- 
hensive and  instructive  exhibit  of  railway  appliances. 

To  the  technical  press  for  their  daily  reports  of  this  convention,  and 
for  the  useful  information  made  available  to  the  members. 

To  the  official  reporters,  Messrs.  T.  E.  Crossman  and  G.  W.  Bur- 
goyne,  for  their  accurate  and  painstaking  reports  of  this  convention. 

To  the  Tellers,  Messrs.  W.  T.  Dorrance,  W.  T.  Eaton,  A.  M.  Van 
Auken,  Thos.  S.  Stevens,  W.  F.  Ogle,  C.  H.  Fake,  O.  Rickert,  for  their 
arduous  labors  in  counting  and  tabulating  the  ballots  cast  for  officers. 

To  the  Committee  on  Arrangements  for  the  highly  successful  ar- 
rangements made  for  the  comfort  and  entertainment  of  the  members  and 
guests  attending  this  convention. 

(The  resolutions  were  adopted.) 

The  President: — Are  there  any  further  resolutions? 

Mr.  William  McNab  (Grand  Trunk)  : — I  hold  in  my  hand  a  resolu- 
tion which  it  would  give  me  great  pleasure  to  elaborate,  but  such  action 
will  be  unnecessary: 

Resolved,  That  this  Association,  in  convention  assembled,  places  on 
record  an  expression  of  its  appreciation  of  the  able  manner  in  which  the 
retiring  President,  Mr.  Robert  Trimble,  has  performed  the  duties  of 
President  during  the  year,  and  also  for  the  efficient  manner  in  which 
he  has  presided  over  the  deliberations  of  this  convention. 
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(President-Elect  Baldwin  put  the  resolution  to  vote  and  it  was 
adopted  by  a  rising  vote.) 

The  President : — I  thank  you  for  your  kind  testimonial.  I  feel  that 
the  success  of  the  Association  is  entirely  in  your  hands.  You  have  helped 
to  make  this  convention  a  successful  one,  and  the  credit  is  yours,  not 
mine.  Some  of  our  members  have  been  kind  enough  to  remark  that  this 
convention  has  reached  a  high-water  mark  in  the  history  of  our  Asso- 
ciation. My  recommendation  to  you  is  to  put  the  high-water  mark  a 
little  higher  and  build  up  to  it  during  the  next  year. 

The  next  business  is  the  installation  of  officers.  The  Chair  will  ap- 
point Mr.  Storey  and  Mr.  McNab  to  conduct  the  President-Elect  to  the 
platform. 

The  President : — Mr.  Baldwin,  it  is  with  a  great  deal  of  pleasure  that 
I  hand  over  to  you  this  symbol  of  your  authority  as  the  President  of  this 
Association.  I  am  quite  sure  that  the  Association  has  made  no  mistake 
in  its  selection  of  you  as  President  and  its  work  will  be  well  taken  care 
of.  I  want  to  advise  you  of  the  great  assistance  the  Secretary  has  been 
to  the  retiring  President  and  you  will  find  him  of  great  help  to  you. 
(Applause.) 

President-Elect  Baldwin  : — Mr.  Trimble  and  Gentlemen  :  I  think  I 
need  not  undertake  to  tell  you  that  I  appreciate  the  honor  you  have  con- 
ferred upon  me.  When  I  think  of  the  galaxy  of  men  who  have  preceded 
me  in  this  office,  of  their  professional  attainments,  of  their  character  and 
of  their  earnestness  in  their  work,  I  feel,  indeed,  that  the  honor  is  a 
high  one. 

I  can  but  promise  you  that  to  the  very  best  of  my  ability  I  will  strive 
with  the  assistance  that  I  know  will  be  so  cordially  rendered  to  me  by 
my  predecessor  to  s«e  that  the  high-water  mark  next  year  is  at  least  not 
lower  than  the  years  of  those  that  have  gone  before. 

I  thank  you,  gentlemen.     (Applause.) 

The  President: — If  there  is  no  further  business,  the  convention  will 
stand  adjourned. 

The  Eighteenth  Annual  Convention  of  the  American  Railway  Engi- 
neering Association  will  be  held  at  the  Congress  Hotel,  Chicago,  March 
20,  21,  22,   1917. 

E.  H.  Fritch, 

Secretary. 


AMENDMENTS  TO  COMMITTEE  REPORTS. 

REFERENCE    TO    AMENDMENTS     MADE    TO    COMMITTEE    REPORTS    AT    THE     SEVEN- 
TEENTH  ANNUAL   CONVENTION. 

TIES. 
(For   Report,    see    pp.    233-270;    discussion,    pp.    840-846.) 

Amend  paragraph  3,  page  243,  to  read  as  follows : 

"3.  Cross-ties  shall  be  cut  from  straight,  sound,  live  trees,  which 
are  felled  in  the  season  when  the  sap  is  down.  They  shall  be  hewed  or 
sawed  to  the  specified  dimensions  and  out  of  wind,  with  straight  and 
parallel  faces  and  with  the  ends  cut  at  right  angles  to  the  axis  of  the  tree. 
The  minimum  width  of  either  face  shall  be  not  less  than  that  given  in 
the  table  of  dimensions.  They  must  be  free  from  such  score  marks, 
shakes,  loose  or  decayed  knots,  rot,  splits  or  checks,  or  any  other  im- 
perfections as  may  impair  their  strength  or  durability." 

Amend  paragraph  8,  page  245,  to  read  as  follows : 

"8.  Treated  ties  shall  be  cross  piled  closely  on  well-drained  ground 
to  prevent  checking,  and  piles  shall  be  far  enough  apart  to  reduce  fire 
risk." 

RULES  AND  ORGANIZATION. 

(For  Report,   see  pp.   423-445;   discussion,   pp.    864-889.) 

Amend  the  Proposed  Clearance  Diagram  by  making  the  distance 
from  the  center  of  track  7  ft.  6  in. 

Amend  paragraph  6,  page  433,  by  substituting  the  words  "new  con- 
struction" for  the  words  "reconstruction  work"  in  the  first  line. 

Amend  the  first  paragraph  on  page  432  by  eliminating  the  words 
"and  reconstruction,"  in  the  second  line. 

Add  to  paragraph  14,  page  433,  the  words :  "Corrections  should  be 
made   for  curvature  and  superelevation   of  track." 


COMMITTEE  REPORTS 


REPORT  OF  COMMITTEE  X— ON  SIGNALS  AND 
INTERLOCKING. 

C.  C.  Anthony,  Chairman;                 J.  A.  Peabody,   Vice-Chairman ; 

Azel  Ames,  A.  M.  Keppel, 

H.  S.  Balliet,  H.   K.   Lowry, 

C.  A.   Christokfeksun,  J.  C.  Mock, 

C.  E.  Denney,  F.  P.  Patenall, 

F.  L.  Dodgson,  D.  W.  Richards, 
C.  A.  Dunham,  A.   H.   Rudd, 

W.  J.  Eck,  W.   B.  Scott, 

W.  H.  Elliott,  A.  G.  Shaver, 

G.  E.  Ellis,  Thos.  S.  Stevens, 
M.  H.  Hovey,  W.  M.  Vandersluis, 

A.  S.  Ingalls,  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

The  following  subjects  were  assigned: 

i.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

2.  Continue  the  study  of  economics  of  labor  in  signal  maintenance. 

3.  Study  the  problem  of  sig)ialing  single-track  roads  with  reference 
to  the  effect  of  signaling  and  proper  location  of  passing  sidings  on  the 
capacity  of  the  line. 

4.  Present,  for  approval,  specifications  adopted  by  the  Railway  Sig- 
nal Association,  which,  in  the  judgment  of  the  Committee,  warrant  con- 
sideration. 

5.  Requisites  for  switch  indicators,  conveying  information  on  condi- 
tion of  the  block  to  conductors  and  enginenien. 

(1)     REVISION  OF  THE  MANUAL. 

No  revisions  of  the  Manual  are  recommended.  Your  Committee  be- 
lieves that  revisions  deemed  necessary  at  this  time  have  been  made  in  the 
edition  in  course  of  preparation  at  the  time  of  writing  this  report. 

(2)     ECONOMICS   OF   LABOR   IN    SIGNAL   MAINTENANCE. 

In  1914  your  Committee  submitted  a  preliminary  report  on  this  sub- 
ject, which  was  received  as  a  progress  report.  (See  Proceedings,  Vol.  15, 
1914,  pp.  71-73  and  1011-1012.)  Since  that  time  your  Committee  has 
given  the  subject  further  study  and  now  submits  a  report  embodying  the 
conclusion  at  which   the   Committee  has  arrived.     This  report  was   sub- 
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mitted   to   the   Railway   Signal   Association   in    1915   by   its   Committee   on 
Signaling   Practice   and  accepted  as   information. 

ECONOMICS   OF   SIGNAL    MAINTENANCE. 

In  the  preliminary  report  on  this  subject,  1914,  it  was  stated  that 
signal  work  draws  men  from  every  class  of  mechanics.  Any  of  these 
different  classes  can  be  developed  into  general  signal  men,  but,  in  the 
present  state  of  the  art,  a  training  along  electrical  lines  is  almost  univer- 
sally essential. 

With  practically  all  classes  of  mechanics  existing  on  a  division,  if  it 
is  determined  to  use  them  on  signals  as  well  as  other  work,  the  question 
arises  as  to  how  they  shall  be  handled.  The  Superintendent  need  not 
necessarily  be  a  signal  expert  to  handle  the  business  of  the  company  satis- 
factorily;  by  using  judiciously  the  knowledge  acquired  by  the  departments, 
with  a  proper  consideration  for  costs,  he  can  so  arrange  the  expenditures 
on  the  division  that  the  maximum  net  revenue  will  result.  It  can  hardly 
be  expected  that  he  will  have  or  retain  sufficient  knowledge  of  the  details  to 
enable  him  even  to  supervise  the  signal  work.  The  heads  of  other  well- 
recognized  departments  have  spent  their  lives  doing  actual  work  or  han- 
dling busy  executive  jobs  along  their  own  lines  and  studying  sufficiently 
to  keep  up  with  the  progress  made.  So  that,  if  the  signal  work  on  any 
division  is  of  sufficient  importance  to  affect  the  company  revenue  materi- 
ally, or  if  inadequate  maintenance  of  the  signaling  would  materially 
affect  the  efficiency  of  train  service,  it  would  appear  that  men  specially 
trained  in  signal  work  should  be  used  for  its  supervision. 

In  all  branches  of  engineering  activities  there  are  found  specialties 
which  apply  only  to  the  one  under  consideration  and  which  can  only 
be  learned  by  experience.  The  track  circuit  with  its  relay  is  one  of 
these  specialties  in  signal  work  which,  while  it  involves  no  new  principles 
generally,  is  a  combination  which  is  not  found  in  any  other  activity  and 
must  be  studied  as  a  part  of  signal  work.  Because  of  the  necessity  for 
the  display  of  correct  signal  indications,  the  circuits  must  be  studied  from 
an  entirely  different  standpoint  from  those  found  in  other  branches  of 
electrical  engineering;  and  the  demand  generally  for  fool-proof  apparatus 
and  its  maintenance  in  such  condition,  creates  a  demand  for  men  especially 
educated  in  a  practical  way  to  think  and  act  correctly  in  emergency  in 
accordance  with  established  standards  and  practices. 

In  civil  engineering  activities  a  laborer  can  drive  stakes  or  hold  level 
rods  and  only  a  very  limited  education  is  necessary  to  run  levels  and 
work  out  the  simpler  problems  with  a  transit;  but  when  the  positions  of 
Division  or  Chief  Engineer  are  under  consideration,  either  general  edu- 
cation or  long  practical  experience,  which  has  included  special  education, 
are  necessary  to  fit  the  man  for  the  job. 

As  with  civil  engineering  or  other  activities,  so  it  is  with  signal 
work;  many  of  the  operations  can  be  carried  on  by  untrained  men.  A 
large  share  of  the  work  involves  very  little  knowledge;  but  if  men  are 
used  for  these  duties  in  connection  with  others  of  the  same  general  char- 
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acter  in  other  activities,  there  seems  no  way  by  which  they  can  progress 
or  learn  the  things  that  will  fit  them  properly  to  inspect  and  maintain  the 
more  complicated  parts  of  the  installations,  except  through  the  medium  of 
practical  experience  which,  in  turn,  must  involve  a  general  force  devoting 
its  entire  time  to  signal  work  or  closely  allied  activities. 

conclusion. 

Because  the  main  controlling  power  of  signal  apparatus  is  electrical 
and  because  the  special  training  required  is  so  different,  we  do  not  recom- 
mend, as  a  means  of  obtaining  economy  and  efficiency  in  signal  mainte- 
nance, a  combination  of  signal  and  track  forces.  Occasionally,  however,  it 
will  be  found  practicable  and  economical  to  combine  forces  engaged  in 
maintaining  various  electrical  features  on  a  railroad,  with  those  maintain- 
ing signals.  But,  as  a  general  proposition,  economy  and  efficiency  will  be 
produced  to  a  higher  degree  by  co-operation  than  by  combination ;  and 
this  rests  entirely  with  the  officer  in  charge,  in  the  arrangement  of  the 
forces  available. 

ACTION'   RECOMMENDED. 

Your  Committee  recommends  that  the  above  report  on  "Economics  of 
Signal  Maintenance"  be  accepted  as  information. 

(3)     CAPACITY  OF  SINGLE  TRACK. 

This  subject  was  assigned  at  the  outset  to  a  Sub-Committee,  consist- 
ing of  Messrs.  Peabody  (Chairman).  Ames,  Denney,  Eck  and  Patenall.  to 
which  Messrs.  Dodgson.  Ingalls  and  Scott  have  since  been  added.  The  same 
subject  is  assigned  by  the  Railway  Signal  Association  to  its  Committee  on 
Signaling  Practice  and  the  work  is  carried  on  jointly  by  the  two  commit- 
tees. The  first  work  of  the  Sub-Committee  was  to  prepare  an  outline  or 
classified  schedule  of  the  various  characteristics  affecting  the  capacity  of 
single  track.  This  outline,  after  discussion  and  amendment  at  several  meet- 
ings, has  been  accepted  by  the  Committee  as  a  guide  in  the  study  of  the 
subject. 

This  year  the  Sub-Committee  was  fortunate  in  securing  the  co-opera- 
tion of  F.  L.  Dodgson,  Consulting  Engineer,  General  Railway  Signal  Com- 
pany, who  has  given  a  good  deal  of  study  to  both  phases  of  the  subject — 
the  signaling  of  single  track  and  the  effect  of  the  number  and  location  of 
passing  sidings.  Mr.  Dodgson  has  contributed  an  analysis  of  the  effect  of 
passing-siding  location  on  the  capacity  of  single  track,  in  which  are  de- 
veloped formulas  for  determining  the  theoretically  correct  locations  of 
a  given  number  of  passing  sidings  on  a  given  piece  of  single-track  road 
to  secure  the  maximum  capacity  in  trains  per  day,  and  for  determining 
the  theoretical  number  of  trains  that  can  be  moved  with  a  given  number 
and  arrangement  of  sidings.  Such  factors  as  the  time  consumed  in  tak- 
ing siding,  stops  for  water  and  movement  of  trains  in  sections,  are  intro- 
duced and  specific  examples  are  given. 

A  portion  of  this  analysis,  developing  the  principal   formulas,  is  sub- 
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mitted  for  the  information  of  the  members  and  to  show  the  basis  of  the 
Committee's  work  on  this  part  of  the  subject. 

LOCATION    OF    PASSING    SIDINGS    ON    SINGLE    TRACK. 

In  considering  the  effect  of  passing-siding  locations  on  the  capacity 
of  single-track  railroad,  it  would  seem  to  be  the  most  logical  thing  to 
first  determine,  if  possible,  what  rule  or  rules,  if  any,  must  be  followed 
in  order  to  so  locate  the  sidings  that  the  maximum  capacity  of  the  road 
will  be  obtained. 

With  this  in  view,  let  us  first  assume  a  piece  of  level  railroad  forty 
miles  long  over  which  we  are  to  operate  one  class  of  trains  only,  these 
trains   traveling  at   a  uniform   speed  of  twenty   miles  per  hour.      Fig.    i 


3  Sidings 
Fig.l 

is  a  train  diagram  of  such  a  road  with  the  distance  the  vertical  lines  and 
the  time  the  horizontal  lines.  If  there  were  no  sidings  on  this  road,- two 
trains  could  be  run  (one  in  each  direction)  each  four  hours  during  the 
day.  These  two  trains  are  shown  on  the  diagram  by  the  two  heavy  lines 
aW  and  aE.  If.  now,  we  assume  that  there  is  one  passing  siding  on  the 
road,  it  is  quite  evident  that  the  maximum  capacity  would  be  reached 
with  this  siding  located  exactly  in  the  center  of  the  road.  With  this 
arrangement  two  additional  trains  could  be  run  each  four  hours  and 
they  are  shown  on  the  diagram  by  the  lines  bE  and  bW.  If  we  represent 
the  time  required  for  the  westbound  train  to  run  from  E  to  C  (C  being 
the  siding  location)  by  Wi  and  the  time  required  for  the  same  train 
to  run  from  C  to  A  by  W2 ;  likewise  the  time  required  by  the  eastbound 
train  to  run  from  A  to  C  by  E2,  and  the  time  required  to  run   from  C 
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to  E  by  Ei  ;  and  represent  by  S  the  spacing  in  time  between  trains  running 
in  the  same  direction;  we  will  find  by  inspecting  the  diagram  that: 

S  =  \\'2  +  E2  (i) 

and 

S  =  Wi  +  Ei.  (2) 

Therefore : 

W2  +  E2=Wi  +  Ei.  (3) 

Or,  if  we  state  this  last  equation  in  words,  it  means  that  the  sums 
of  the  running  times  of  an  eastbound  and  a  westbound  train  between 
sidings  are  equal. 

Now  let  us  continue  and  add  two  more  passing  sidings  to  our  rail- 
road. Again  it  is  quite  obvious  that  the  maximum  capacity  will  be  ob- 
tained if  these  two  additional  sidings  are  located  exactly  midway  between 
A  and  C,  and  C  and  E.  If,  as  before,  we  represent  the  running  time  of 
the  westbound  train  from  E  to  D  by  Wl,  D  to  C  by  \\*2,  C  to  B  by  W3, 
and  B  to  A  by  W4  (  B  and  D  being  the  locations  of  the  two  new  sidings)  ; 
and  also  the  running  time  of  the  eastbound  train  from  A  to  B  by  E4, 
B  to  C  by  E3,  C  to  D  by  E2.  and  D  to  E  by  Ei ;  and  as  before  make  S  the 
time  spacing  between  trains  in  the  same  direction  ;  we  will  find  from  the 
diagram  that : 

S  =  Wi  +  Ei  (4) 

and 

S  =  \V2  +  E2  (5) 

and 

S  =  \V3  +  E3  (6) 

and 

S  =  W4  +  E4.  (7) 

1  herefore  : 

W 1  +  Ei  =  W2  +  E2  =  \\'3  +  E3  =  \\'4  +  E4. 
Again  this  last  equation  stated  in  words  means  that  the  sums  of  the 
running  times  of  trains  in  opposite  directions  between  passing  sidings  are 
all  equal. 

From  this  simple  diagram,  Fig.  1,  it  will  appear,  therefore,  that  the 
maximum  capacity  of  the  railroad,  with  a  given  number  of  passing  sid- 
ings, would  be  reached  when  the  sums  of  the  running  times  of  the  east 
and  westbound  trains  between  passing  sidings  were  all  equal. 

YVe  can  determine  the  value  of  S  quite  readily  as  follows  :  By  adding 
equations   1  and  2  we  have : 

2S  =  Wi  -  W2  +  Ei  -f  E2  (8) 

or.  representing  Wl  —  W2  by  W,  the  total  running  time  of  the  westbound 
train,  and,  similarly,  Ei  -f-  E2  by  E, 

W  +  E 

S=— (9) 

2 

which  is  the  value  of  S  when  there  is  only  one  passing  siding. 
Again,  if  we  add  equations  4,  5,  6  and  7,  we  have : 

4S  =  Wl  +  W2  +  W.3  +  W"4  +  Ei  +  E2  +  E3  +  E4  ( 10) 

or 

W  +  E 
S  = .  (11) 
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If  we  let  N  equal  the  number  of  passing  sidings,  then,  in  equation 
9,  2  — N  +  i,  and,  in  equation  u,  4  =  N -{-  1.  Therefore,  by  substituting 
in  equations  9  and  11,  N  for  the  number  of  sidings,  we  obtain  the 
formula : 

W  +  E 

S  = . 

N  +  i 
In  deriving  the  above  formula  we  have  assumed  uniform  and  equal 
speeds  of  trains.  In  order  to  show  an  application  of  this  formula  and  also 
to  prove  its  correctness,  let  us  assume  varying  and  unequal  speeds  of 
trains  over  our  section  of  forty  miles.  Let  us  assume  the  running  times 
to  be  as  follows : 

Distance  Westbound  Eastbound 

o  to   10  27  minutes  30  minutes 

10  to  20  27         "  24 

20  to  30  51         "  27         " 

30  to  40  39  27 

Totals,    144         "  108         " 

Now    in    Fig.    2,    plot    the    line    aW,    using   the    time    for    westbound 

trains    shown    in    the    above    table    and    from    the    point    where    this    line 

crosses   line   A   plot   the   line    aE,   using  the  time  shown    for   eastbound 

trains    in    the    same    table.      First,    let    us    assume    one    passing    siding. 

W  +  E 

Then  in  our  formula,  S  = ,  W  =  i44,  E  =  108  and  N  =  i,  which 

N  +  i 
144  +  108        252 

gives  the  value,  S= = =  126  minutes.     Now,  in  Fig.  2,  we 

2  2 

will  plot  the  line  bW  126  minutes  from  aW  and  parallel  with  it  and 
also  plot  the  line  bE  126  minutes  from  aE  and  parallel  with  it.  If  our 
plotting  has  been  correct,  aE  will  cross  bW  and  aW  will  cross  bE  on 
the  same  horizontal  line,  because  the  two  triangle-like  figures  formed  on 
the  line  E  as  a  base  by  the  lines  aW  and  bE,  and  bW  and  aE,  have  the 
same  length  of  base  and  their  other  corresponding  sides  parallel  with 
each  other,  and  must,  therefore,  be  the  same  in  height.  If  the  passing 
siding  is  located  at  the  line  C,  it  is  quite  evident  that  we  will  again  have 
the  maximum  capacity  of  this  piece  of  road  under  the  conditions  given; 
and  it  is  also  true  that  the  sum  of  the  running  times  between  A  and  C 
of  the  west  and  eastbound  trains  is  equal  to  the  sum  of  the  running  times 
of  the  same  trains  between  C  and  E. 

Now  let  us   suppose  that   we  add   two  more   passing  sidings,   making 
three   in    all.      From    our    formula   we    find    that    under    these    conditions 
144  -f-  108         252 

S  = = =  63.   Now,  if  on  Fig.  2  we  plot  the  line  cW  parallel 

4  4 

with  and  63  minutes  from  aW  and  the  line  cE  parallel  with  and  63 
minutes  from  aE,  we  will  establish  the  positions  of  the  passing  sidings 
B  and  D  at  the  points  where  these  two  lines  intersect  the  lines  bE  ard 
aE,  aW  and  bW.   It  will  be  apparent  here,  as  before,  that  this  arrangement 
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would  give  the  maximum  capacity  and  also  that  the  sum  of  the  running 
times  between  A  and  B  is  equal  to  the  sum  of  the  running  times  between 
B  and  C,  etc.  The  rule,  therefore,  which  we  first  laid  down  seems  to 
hold  true  when  the  running  times  are  unequal  and  speeds  not  uniform. 

While  the  method  just  pointed  out  in  Fig.  2  will  answer  admirably  a  3 
a  graphic  method  of  determining  the  locations  of  passing  sidings  for 
maximum  capacity,  it  will  not,  however,  answer  for  determining  the  ca- 
pacity of  the  railroad,  because  we  have  not  taken  into  account  the  '.ime 
lost  by  a  train  which  takes  a  siding  to  meet  another  train  ;  neither  have 
we  taken  into  account  the  time  required  for  water  stops. 

Starting  again  with  a  uniform  speed  of  20  m.  p.  h.,  let  us  assume 
on    our    forty-mile    stretch   that   there   is    a    water    stop    at    mile    post    15, 


3  Sidings 

and  further  let  us  assume  the  total  time  lost  in  taking  water  by  each 
train  to  be  twelve  minutes.  The  total  running  time,  therefore,  of  each 
train  would  be  two  hours  and  twelve  minutes.  Further,  let  us  assume 
that  the  time  lost  by  a  train  taking  a  passing  siding  for  another  train  to 
pass  is  nine  minutes  and  that  one-half  of  this  time  is  consumed  in  enter- 
ing the  siding  and  one-half  in  leaving,  and  let  us  also  assume  that  the 
eastbound  train  takes  the  siding.  Fig.  3  shows  the  train  diagram  for  such 
an  arrangement  with  one  passing  siding. 

If     we     let     S     equal     the     spacing     between     trains     in     the     same 
direction,   it   is  quite   obvious  that   the   number  of  trains   per   day,    which 

1440  X2 
we  will  represent  by  T,  will  be  T  = ■ (1440  being  minutes  in  a  day 


and  S  being  expressed  in  minutes),  or  T  = 
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We  may  determine  the  value  of  S  as  follows :  Assuming  that  W2 
represents  the  time  of  the  westbound  train  running  between  the  passiig 
siding  and  o,  and  Wi  the  time  running  between  the  passing  siding  and  .)•'<. 
and  E2  the  time  consumed  by  the  eastbound  train  in  running  between 
o  and  the  passing  siding,  and  El  the  time  between  the  passing  siding  and 


rig.3 

40,  and  also  letting  a  represent  the  time  consumed  by  a  train  taking  the 
passing  siding  to  meet  another  train,  we  have  from  the  diagram : 

a        a 

s  =  Wi  +  Eih h  — ; 

2      2 


also 

or 
or 


s  =  W2  +  E2H h  — ; 

2      2 

2S  =  Wi  +  W2  4-Ei  +  E2  +  a  +  a 
W  +  E  +  2a 


If  N  equals  the  number  of  passing  sidings,  then  substituting  in  tie 
last  equation  N  -\-  1  for  2  we  have : 

W  +  E+  (N  +  i)a 
S  = . 


Substituting  this  value  of  S  in 


N  +  i 


2880 


T  = 


\.e  have 


2880  ( N  +  1 ) 


W  +  E-f  (N+i)a 
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In  other  words  the  maximum  number  of  trains  of  one  class  that  can 
be  run  in  tweuty-four  hours  over  a  piece  of  railroad  equals  2880  times 
the  number  of  passing  sidings  plus  1,  divided  by  the  sum  of  the  running 
times  of  an  east  and  westbound  train  over  the  road,  plus  the  number  of 
sidings  plus  1  multiplied  by  the  delay  caused  by  a  train  taking  the  passing 
siding. 

FURTHER    WORK    ON    THIS    RRANCH    OF    THE    SUBJECT. 

It  will  be  seen  that,  up  to  this  point,  there  have  been  developed  meth- 
ods of  finding  the  proper  locations  of  passing  sidings  for  trains  of  one. 
kind  and  determining  the  capacity  of  a  given  piece  of  single-track  road  in 
trains  of  one  kind.  It  is  expected  that  formulas  or  methods  will  be  de- 
veloped for  determining  capacity  in  trains  of  one  kind  as  affected  by  the 
movement  of  a  given  number  of  trains  of  other  kinds  run  on  definite 
schedules.  Then  the  various  formulas  will  be  applied  and  tested  in  the 
analysis  of  actual  pieces  of  road  with  their  actual  movement  of  scheduled 
trains. 

ACTION    RECOMMENDED. 

Your  Committee  recommends  that  the  above  matter  on  Capacity  "of 
Single  Track  be  accepted  as  a  progress  report. 

(4)     SPECIFICATIONS   OF  THE  RAILWAY   SIGNAL 
ASSOCIATION. 

Your  Committee  submits  the  following  list  of  matters  acted  upon  by 
the  Railway  Signal  Association  at  its  convention  in  191 5  and  adopted  by 
letter-ballot  in   1916,  including  certain  revised  titles  : 

LIST   OF   THE    FINDINGS,    CONCLUSIONS,    STANDARDS    AND    SPECIFICATIONS    ADDED 

TO  THE    MANUAL  OF   THE   RAILWAY    SIGNAL   ASSOCIATION 

IN     I916. 

Text. 
Battery,   Primary  : 

Caustic-soda.  Instructions  for  Maintenance. 

Dry,   Instructions    for   Testing  and   Maintaining. 

Gravity,  Instructions  for  Maintenance. 
Battery,  Storage: 

Lead-type,  Description  of — Eliminated. 

Nickel-iron  alkaline,    Specifications. 

Stationary  Lead-type   (not  of  the  Pure-lead  type),  Specifications. 
Choke  Coils  for  Signaling,  Requisites. 
Indicator,  Take-siding. 

Lamps,  Incandescent  Electric,  Specifications. 
Lightning  Arresters   for  Signaling : 

Requisites. 

Vacuum-gap,    for    Voltage    Ranges    1    and    2    (175    volts    or    less), 
Specifications. 

Reactors  for  Line  and  Track  Circuits,  Specifications. 
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Bracket  Posts:  DRAWINGS. 

Crank    Brackets    for 1 198 

Guides  for  Vertical  Connections  on 1 196 

Clamps,  Brackets  and  Caps  1020 

Ladders  for   1028 

Parts  1027 

Clamps  and  Stays 1029 

Pipe,  Crank  Bracket  Fittings  for 1024  and  1025 

Cranks,  Adjusting,  for  Signals 1361 

Jaws   for  One-inch   Pipe : 

Screw,    for   Ground-mast    Signals 1360 

Lamps,   Incandescent   Electric 1329 

Machine,  Two-lever  Wall 1 197  and  1397 

Masts,  Signal  : 

Guides  for  Vertical  Connections  on 1023 

Clamps   1021 

Supports  and  Caps 1023 

Ladders : 

Parts  1027 

Clamps  and  Stays 1029 

Bracket-post : 

Ladders  for  *. 1028 

Ground 

Adjusting    Cranks    for    1361 

Tang  Ends  with  Screw  Jaws   for 1360 

Signals  : 

One-arm  Mechanical  Ground 1043 

Two-arm  Mechanical  Ground   1044 

Three-arm    Mechanical    Ground 1045 

Tang  Ends  for  One-inch   Pipe : 

With  Screw  Jaws   for  Ground-mast  Signals 1360 

ACTION    RECOMMENDED. 

Your  Committee  recommends  that  this  list  of  Railway  Signal  Asso- 
ciation specifications  and  standards  he  puhlished  in  the  Manual,  as  supple- 
mentary to  the  list  previously  inserted,  for  the  information  of  the  members. 

(5)     REQUISITES    FOR    SWITCH    INDICATORS. 

Your  Committee  has  continued  the  study  of  this  subject  with  the 
purpose  of  adapting  to  single-track  conditions  the  requisites,  etc.,  previously 
submitted  (see  Proceedings,  Vol.  16,  1915,  pp.  75-76),  but  has  not  yet 
devised  a  satisfactory  form,  and  therefore  reports  progress. 

RECOMMENDATIONS  FOR  NEXT  YEAR'S  WORK. 

Since  Committee  X  and  the  Committee  on  Signaling  Practice,  of  the 
Railway  Signal   Association,  have  nearly  the   same  members  and  always 


SIGNALS    AND    INTERLOCKING.  75 

meet  jointly,  it  is  convenient  to  have  the  same  subjects  assigned  to  these 
two  committees.  Your  Committee  therefore  submits  the  subjects  assigned 
to  the  latter  committee  with  the  recommendation  that  they,  or  such  of 
them  as  the  Board  of  Direction  may  choose,  be  assigned  for  next  year. 

2.  Report  on  applications  of  aspect  for  instructions  to  trains  to  take 
siding    at   a   non-interlocked    switch. 

3.  Formulate  and  submit  requisites  for  switch  indicators,  including 
method  of  conveying  information  as  to  the  condition  of  the  block  to  the 
conductor  and  engineman. 

4.  Investigate  automatic  train  control. 

5.  Study  the  problem  of  signaling  single-track  roads  with  reference 
to  the  effect  of  signaling  and  proper  location  of  passing  sidings  on  the 
capacity  of  the  line. 

6.  Analyze  the  signal  schemes  which  have  been  presented  to  the 
Association.  State  specifically  for  what  purpose  each  aspect  and  indica- 
tion shall  be  used,  and  what  action  is  required  of  the  engineman. 

7.  Investigate  the  various  methods  of  giving  signal  indications  other 
than  by  means  of  the  semaphore. 

8.  Recommend  aspect  for  highway  crossing  signals. 
To  these  should  be  added  as  a  standing  instruction: 

Present  the  specifications,  standards,  etc.,  adopted  by  the  Railway 
Signal  Association  during  the  year. 

Your  Committee  further  recommends  that  the  subject,  "Adaptation 
of  design  of  movable  bridges  to  signal  and  interlocking  appliances  re- 
quired," be  assigned  jointly  to  Committee  XV — on  Iron  and  Steel  Struc- 
tures, and  Committee  X. 

Respectfully  submitted, 
COMMITTEE  ON   SIGNALS   AND  INTERLOCKING. 


REPORT  OF  COMMITTEE   IX— ON  SIGNS,  FENCES 
AND  CROSSINGS. 

W.  F.  Strouse,  Chairman;  G.  E.  Boyd,  Vice-Chairman; 

R.  B.  Abbott,  Maro  Johnson, 

H.  E.  Billman,  L.  C.  Lawton, 

E.  T.  Brown,  G.  L.  Moore, 

A.  C.  Copland,  W.  F.  Purdy, 

Arthur  Crumpton,  Thomas  Quigley, 

J.  T.  Frame,  C.  H.  Splitstone, 

L.  E.  Haislip,  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

The  Board  of  Direction  assigned  your  Committee  the  following  out- 
line of  work : 

(i)  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes. 

(2)  Report  on  the  principles  governing  the  use  of  railway  signs. 

(3)  Continue  the  study  of  Concrete  Fence  Posts. 

(1)     REVISION  OF   MANUAL. 

Last  year  your  Committee  devoted  a  great  deal  of  time  to  and  made 
a  very  exhaustive  study  of  the  subject-matter  in  the  Manual.  A  number 
of  new  definitions  were  added,  a  number  of  the  old  ones  were  improved 
as  to  diction,  while  a  number  of  others  were  recommended  for  elimina- 
tion on  account  of  them  defining  objects  so  familiar  to  the  membership 
of  this  Association  as  to  make  them  seem  superfluous.  All  changes  rec- 
ommended by  the  Committee  were  accepted  by  the  Association,  with 
some  minor  alterations  or  revisions.  At  the  same  time  the  convention 
was  advised  that  the  proposed  revisions  of  the  Manual  submitted  by  the 
various  Committees  would  be  reviewed  by  a  Special  Committee  appointed 
for  the  purpose. 

Your  Committee,  therefore,  makes  no  recommendations  for  changes 
this  year  in  any  portion  of  the  Manual,  upon  which  it  reported  last  year. 
No  changes,  however,  were  recommended  in  the  conclusions  adopted  by 
the  Association  three  years  ago,  relative  to  "Track  Construction  and 
Flangeways  at  Paved  Street  Crossings  and  in  Paved  Streets." 

This  subject  had  been  carefully  considered  by  the  Committee  at  that 
time,  and  without  a  thorough  review  of  the  information  from  which  the 
conclusions  were  drawn,  it  was  considered  unwise  to  suggest  changes. 

When  the  above  conclusions,  however,  were  recommended  for  in- 
clusion in  the  reprint  of  Manual  without  revision,  rather  strong  opposi- 
tion developed,   which   seemed  to  center  particularly  about  paragraph  3, 
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recommending  the  use  of  141-lb.  9-inch  girder  rail.  After  a  somewhat 
detailed  discussion  of  the  various  phases  of  the  subject,  the  Committee 
requested  it  be  referred  back  for  further  study,  feeling  it  might  be  able 
to  secure  additional  information  from  which  to  draw  conclusions  or 
recommend  changes  in  the  conclusions  already  submitted.  Further  in- 
vestigation of  the  matter  and  a  careful  study  of  the  report  and  discus- 
sions has  led  your  Committee  to  believe  that  some  of  the  criticisms 
offered  last  year  were  due  to  a  misunderstanding  of  the  scope  of  the 
subject.  Two  distinct  conditions  are  implied  in  the  subject  as  assigned; 
namely,  a  style  of  construction  suitable  for  use  at  paved  street  crossings, 
and  one  suitable  for  tracks  laid  in  paved  streets.  A  study  of  the  report 
from  which  the  above  conclusions  were  deduced  would  seem  to  indicate 
that  they  were  intended  to  be  more  especially  applicable  to  the  construc- 
tion of  tracks  in  paved  streets  than  at  paved  street  crossings,  although 
there  is  no  essential  difference  in  the  principle  involved,  but  only  in  scope. 
Your  Committee,  therefore,  believes  that  separate  conclusions  are  neces- 
sary to  cover  each  condition  as  implied  in  the  outline. 

It  would  undoubtedly  be  most  objectionable  to  the  railroads  to  be 
compelled  to  use  special  rail  with  compromise  joints  at  a  few  isolated 
street  or  road  crossings,  even  though  they  might  be  of  more  or  less  im- 
portance. 

Indeed,  it  lias  been  in  comparatively  recent  years  that  this  subject 
has  been  so  strongly  urged  upon  the  railroads  and  then  frequently  by 
Municipal  Engineers  who  do  not  appreciate  the  difficulties  of  maintaining 
the  kind  of  construction  required  by  them. 

In  many  cities,  however,  the  railroads  have  either  commercial  sidings 
or  main  tracks  located  in  paved  streets  for  varying  distances  occasionally 
miles  in  length. 

If  the  vehicular  traffic  on  these  streets  is  heavy  and  they  are  paved 
with  standard  granite  blocks  of  an  average  depth  of  6  inches,  the  ordi- 
nary T  rail  is  not  deep  enough  to  provide  a  proper  sand  cushion  over 
the  ties.  This  has  brought  about  the  very  general  use  of  the  141-lb.  cl- 
inch girder  rail  with  flangeway,  although  a  slightly  shallower  rail  might 
prove  just  as  satisfactory.  On  the  other  hand,  if  the  vehicular  traffic  is 
light  and  other  conditions  are  favorable  to  the  use  of  sheet  asphalt,  as- 
phalt, wood  or  vitrified  blocks,  the  regular  T  rail  construction  is  not 
only  possible  but  preferable. 

During  the  past  few  years  the  Baltimore  &  Ohio  Railroad  Company 
has  relaid  considerable  track  located  in  paved  streets  in  Baltimore  and 
Washington  with  girder  rail.  In  Washington  a  60-lb.  T  rail  on  a  chair 
was  superseded  by  a  141-lb.  9-inch  girder  rail.  In  Baltimore  various 
rails,  including  a  form  of  grooved  rail  on  longitudinal  sleepers,  has  fin- 
ally been  replaced  by  the  girder  rail.  Little  attention,  however,  has  as 
yet  been  given  the  matter  of  street  crossing  construction,  the  crossings 
usually  being  planked. 

With  a  view  of  ascertaining  what  the  railroads  are  doing  along  the 
lines   above    referred   to    in    other    cities,    your    Committee   secured    plans 


SIGNS.    FENCES    AND    CROSSINGS.  ~'( 

from  a  number  of  railroads  showing  the  construction  in  use  by  such 
roads.  An  examination  of  these  plans  will  show  that  in  some  cases  con- 
siderable attention  has  been  paid  to  drainage,  while  in  others  no  pro- 
visions whatever  have  been  made.  As  a  general  proposition  this  is  a 
very  important  feature  and  should  not  be  neglected. 

There  are  a  number  of  factors,  however,  which  should  be  carefully 
considered  in  planning  such  construction;  for  example,  the  character  of 
material  upon  which  the  tracks  are  laid,  whether  supported  on  ballast  or 
a  concrete  base,  style  of  paving,  etc. 

If  the  subgrade  is  perfectly  dry  and  thoroughly  drained  naturally 
and  the  street  is  paved  with  sheet  asphalt  or  grouted  blocks  on  a  substan- 
tial concrete  base,  the  matter  of  drainage  is  not  so  important,  as  condi- 
tions tend  to  improve  with  age. 

If,  however,  the  subgrade  is  naturally  wet,  the  question  of  drainage, 
regardless  of  the  character  of  the  construction  above,  is  most  important 
Each  case  should,  therefore,  receive  attention  as  the  surrounding  condi- 
tions would  seem  to  dictate. 

In  the  discussion  of  this  subject  before  the  last  convention,  objection 
was  made  to  paragraph  5  of  the  conclusions  on  above  subject,  relative  to 
having  paving  conform  to  municipal  requirements.  As  the  use  of  pub- 
lic streets  can  only  be  acquired  by  ordinance  or  other  legislative  act,  the 
railroads  can  generally  rest  -assured  that  such  occupation  will  be  condi- 
tioned on  their  compliance  with  municipal  requirements,  which  generally 
are  construed  to  cover  the  best  and  most  improved  construction  in  the 
respective  cities.  Almost  invariably  this  will  be  of  much  better  type 
than  that  in  use  when  occupation  was  granted.  Nor  does  it  always  rest 
at  that,  but  frequently,  is  conditioned  on  the  railroads  doing  additional 
work  as  part  of  the  franchise. 

In  growing  cities  and  towns,  especially  in  the  West,  the  demands  for 
carrying  the  standard  street  pavement  across  tracks  at  street  intersections 
have  become  so  frequent  and  insistent  that  it  is  of  great  importance  to 
the  radroads.  In  many  cases  the  municipalities  require  a  concrete  base 
under  and  between  the  lies.  This  form  of  construction  has  not  always 
proven  satisfactory  under  heavy  railroad  traffic;  hence  the  results  have 
not  warranted  the  expense.  The  use  of  ballast  under  high-speed  tracks 
seems  to  be  more  satisfactory  from  every  standpoint  because  of  its 
elastic  qualities,  the  concrete  base  being  too  rigid. 

In  Kansas  City  a  few  years  ago  an  ordinance  was  passed  requiring 
the  use  of  a  concrete  base  and  paving  material  to  correspond  to  that  of 
the  street  adjacent.  Following  the  passage  of  this  ordinance,  a  Com- 
mittee composed  of  railroad  and  city  officials  was  appointed  to  investigate 
and  submit  a  plan  for  a  type  of  the  construction  which  would  be  mutually 
satisfactory.  The  result  of  the  Committee's  deliberations  was  a  type 
of  construction  unquestionably  better  adapted  to  general  conditions  than 
that  required  by  the  ordinance. 

The  former  ordinance  was  then  repealed  and  another  enacted,  mak- 
ing the  styles  of  crossings  shown  in  Plate  A  standard  for  the  city.     Since 
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the  enactment  of  the  latter  ordinance  all  renewals  are  required  to  be  in 
accordance  with  these  plans. 

The  fundamental  principle  underlying  the  design  is  that  the  street 
paving  adjacent  should  in  no  way  be  connected  to  or  be  dependent  upon 
the  track,  thus  giving  it  a  chance  to  slightly  change  its  position  vertically 
without  disturbing  the  surface  of  the  crossing  or  that  of  the  adjacent 
street  paving. 

The  construction  consists  essentially  of  the  standard  track  construc- 
tion of  the  several  railroads  on  stone  ballast  with  proper  provision  for 
taking  care  of  the  drainage.  The  street  paving  is  separated  from  the 
track  construction,  and  held  in  position  by  a  3  by  12  inch  timber  curb 
supported  on  substantial  posts  located  at  intervals  of  about  4  feet  just 
outside  the  ends  of  the  ties.  The  track  space  is  covered  by  a  single  or 
double  plank  floor,  as  may  be  required  to  meet  traffic  conditions.  The 
flangeways  are  provided  by  the  use  of  a  relaying  rail  of  lighter  section 
than  the  running  rail,  laid  on  its  side. 

This  general  type  of  construction  has  been  adopted  by  the  Chicago, 
Rock  Island  &  Pacific  Railway,  and  it  is  said  to  be  giving  satisfactory 
service  where  it  has  been  used. 

The  Atchison,  Topeka  &  Santa  Fe  has  used  two  types  of  construc- 
tion at  paved  street  crossings,  which  are  said  to  have  given  satisfaction 
where  used.  In  one  case  it  consists  of  the  standard  track  construction 
imbedded  in  concrete  from  a  point  12  inches  below  to  the  tops  of  the 
ties.  Upon  this  is  placed  a  sand  cushion  and  vitrified  brick  paving.  In 
the  other  case,  the  construction  is  similar,  except  that  provision  is  made 
for  a  bed  of  ballast  between  the  concrete  base  and  the  ties,  the  thickness 
depending  on  the  character  of  the  traffic,  6  inches  being  used  for  high- 
speed service  and  nothing  for  yard  service. 

For  flangeways  they  have  used  rails  of  a  lighter  section  set  upright 
on  blocks  to  provide  proper  elevation  and  bolted  to  the  running  rail  at 
intervals  of  6  feet,  the  proper  flangeway  being  maintained  by  the  use  of 
fillers  or  separators.  This  style  of  flangeway  is  claimed  to  be  more 
satisfactory  than  that  where  the  rails  are  laid  upon  their  sides,  in  that 
there  are  no  sharp  edges  exposed  to  damage  automobile  tires. 

The  Illinois  Central  Railroad  has  used  several  different  types  of 
construction  in  paved  streets  and  at  paved  street  crossings.  These  types 
have  generally  consisted  of  a  6-inch  concrete  base  under  the  ties,  with 
the  space  between  filled  to  the  tops  of  the  ties.  On  this  base  the  various 
forms  of  paving  have  been  laid,  the  rail  in  each  case  being  the  standard 
T  rail  of  the  company.  The  flangeways  have  been  formed  by  fitting  the 
paving  blocks  against  the  web  of  the  rail  by  beveling  the  blocks  and  by 
the  use  of  rails  laid  upon  their  sides.  No  suggestion  is  made  on  the 
plans  as  to  drainage,  this  feature  being  left  open  to  be  treated  as  occasion 
required.  The  Pennsylvania  Lines  West  of  Pittsburgh  use  their  standard 
track  construction  with  rail  flangeways  and  plank  crossing. 

In  the  report  of  this  Committee  three  years  ago  attention  was  called 
to  the   fact  that  street  car  companies   seemed   to  pay  more  attention   to 


SIGNS,    FENCES    AND    CROSSINGS.  81 

the  details  of  construction  of  their  tracks  in  paved  streets  than  had  been 
done  by  steam  roads.  Your  Committee  is  still  of  this  opinion,  and  in 
support  of  the  same,  wishes  to  call  attention  to  drawing  in  this  report 
illustrating  details  of  construction  of  tracks  by  the  Montreal  Tramways 
Company.  This  drawing  illustrates  both  girder  and  T  rail  construction. 
The  matter  of  drainage  is  also  apparently  very  carefully  considered. 
While  this  drawing  illustrates  the  style  of  construction  for  trolley  com- 
panies, the  same  general  details  are  used  in  the  construction  of  steam 
railways  at  intersection  points  with  tramways  company's  tracks. 

During  the  past  year  the  city  of  Baltimore  has  laid  in  the  center  of 
a  new  thoroughfare,  along  the  south  side  of  the  harbor,  known  as  the 
"Key  Highway,"  an  industrial  track  which  is  to  form  part  of  a  "Belt 
Line."  This  track  is  of  girder  rail  construction  and  laid  in  a  wide  street 
paved  with  granite  blocks  on  concrete  base,  all  grouted  together,  and  is 
designed  to  provide  rail  accommodations  to  industries  located  along  and 
near  the  waterfront  by  running  spurs  into  properties  desiring  them. 
This  line  is  connected  with  the  railroad  lines  in  that  territory  and  will 
some  day  handle  a  heavy  vehicular  traffic. 

After  a  careful  study  of  the  plans  received  and  of  construction  with 
which  the  membership  of  the  Committee  is  familiar,  it  has  reached  the 
conclusion  that  two  distinct  conditions  are  to  be  met  and  that  three 
distinct  forms  of  construction  are  desirable. 

For  paved  street  crossings,  where  the  general  direction  of  traffic  is 
at  right  angles  to  the  track,  the  regular  standard  track  construction  of 
the  several  railroads  should  be  used,  and  the  space  occupied  by  the 
track  or  tracks  planked  over.  The  flangeway  should  be  formed  by  using 
a  rail  laid  upon  its  side  and  properly  secured  to  the  ties  or  set  upright 
and  bolted  to  the  running  rail,  the  flangeway  being  maintained  by  a 
continuous  iron  or  steel  filler,  made  in  short  sections  to  permit  its  use 
when  necessary  on  curved  tracks.  Where  the  flangeway  rail  is  set  up- 
right the  side  of  the  head  of  the  rail  adjacent  to  the  flangeway  should 
be  beveled  to  an  angle  of  about  45  degrees  to  prevent  horses'  feet  from 
getting  trapped. 

For  tracks  located  in  paved  streets,  subject  to  heavy  traffic,  requir- 
ing granite  block  paving,  the  construction  should  consist  of  stone  or 
gravel  ballast  not  less  than  12  inches  deep,  treated  ties  and  141-lb.  9-inch 
girder  rail,  the  paving  within  the  track  limits  to  comply  with  municipal 
requirements  as  to  depth  of  base,  thickness  of  sand  cushion,  sealing  of 
joints,   etc.  * 

For  tracks  located  in  streets  subjected  to  light  traffic  only,  the  con- 
struction should  consist  of  standard  track  construction,  using  treated 
ties,  stone  or  gravel  ballast,  the  space  occupied  by  tracks  to  be  paved 
to  meet  municipal  requirements. 
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FLANGEWAYS. 

In  the  course  of  its  investigations  your  Committee  found  quite  a 
number  of  schemes  in  use  for  providing  flangeways  at  road  and  street 
crossings  and  in  paved  streets.  A  form  in  very  general  use  is  that  pro- 
vided by  laying  a  rail  upon  its  side  with  the  head  resting  against  the 
web  of  the  running  rail  and  the  base  against  the  edge  of  the  adjacent 
planking  or  other  paving  material  used  between  the  rails.  Objection  to 
this  style  of  flangeway  has  been  made  in  some  quarters  because  the  base 
of  the  rail  has  been  known  to  work  up  above  the  adjacent  paving  and 
cut  or  damage  automobile  tires. 

This  objection  could  no  doubt  be  eliminated  by  securing  the  rail  to 
the  ties  by  the  use  of  lag  screws  or  spikes,  as  is  done  by  some  roads. 
The  expense  of  drilling  the  rail  at  intervals  of  about  4  feet  would  be 
somewhat  objectionable,  but  would  even  then  be  much  cheaper  than  the 
commercial  flangeways  now  on  the  market. 

Another  and  more  serious  objection,  however,  to  this  style  of 
flangeway  is  the  fact  that  it  cannot  be  used  at  joints  in  the  running  rail 
without  cutting  out  the  head  opposite  the  angle  bar  or  eliminating  the 
flangeway  entirely  at  the  joints,  which  is  frequently  done. 

Another  form  of  flangeway  quite  common  in  plank  crossings  is 
either  to  leave  sufficient  space  between  the  gage  line  and  the  adjacent 
planks  or  to  bevel  them  to  fit.  This  form  is  objectionable  in  that  the 
opening  is  deep  and  horses  are  liable  to  get  their  feet  caught  in  the 
opening.  In  case  two  thicknesses  of  plank  is  used  the  depth  of  flangeway 
can  be  diminished  by  fitting  the  lower  plank  over  the  base  of  the  rail. 
The  wear  and  tear  from  passing  wheels  on  this  form  of  flangeway  is 
usually   rapid,   requiring   rather   frequent   renewals  of  the   planks. 

Another  method  is  to  fit  one  of  the  various  forms  of  paving  blocks 
against  the  web  of  the  rail  between  the  head  and  base.  This  form  of 
flangeway  would  probably  prove  satisfactory  in  tracks  where  the  speed 
of  trains  is  low,  but  could  not  be  recommended  for  use  in  high-speed 
tracks.  The  form  of  flangeway  which  most  nearly  meets  all  require- 
ments, and  at  a  moderate  cost,  is  that  provided  by  the  girder  rail  now 
extensively  used  in  the  construction  of  tracks  in  paved  streets,  and  to 
which  attention  has  already  been  called  in  this  and  previous  reports. 

There  are  some  forms  of  proprietary  flangeways  on  the  market 
which  have  good  points  in  their  favor,  among  which  may  be  mentioned 
the  simplicity  of  installation,  low  cost  of  maintenance,  safety  to  horses 
or  other  animals  using  the  crossings  and  freedom  from  sharp  edges, 
which  would  cut  or  otherwise  damage  automobile  tires.  The  first  cost, 
however,  may  delay  their  general  adoption,  although  it  is  believed  the 
above-mentioned  advantages  will  in  time  warrant  their  use  in  all  im- 
portant crossings. 

A  study  of  the  cost  per  linear  foot  of  track  of  the  various  forms 
or  combinations  used  to  provide  flangeways,  based  on  the  use  of  new 
steel  rails  in  the  track  at  one  and  one-half  cents  per  pound  and  relaying 
rail  for  flangeways  at  one  cent  per  pound,  results  as  follows : 
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ioo-lb.  T  Rail,  $1.00;  labor  fitting  planks,  $0.10 $1.10 

roo-lb.  T  Rail,     i.oo;  labor    fitting   paving   blocks,     .20 1.20 

ioo-lb.  T  Rail,     1.00;  75-lb.  flange  rail,  .50 1.50 

100-lb.  T  Rail,     1.00;  metal  flangeway.  1.00 2.00 

141-lb.  girder   rail   with    flangeway 1.40 

In  the  above  statement  showing  cost  data  no  allowance  has  been 
made  for  cost  of  labor  laying  the  track  rail,  it  being  assumed  to  be  in 
place.  The  cost  of  putting  down  the  planks,  laying  'adjacent  paving 
blocks,  placing  flangeway  rails  and  installing  proprietary  flangeways 
would  vary  so  little  as  to  make  no  appreciable  difference  in  cost  per  unit 
after  the  track  is  constructed. 

It  should  be  stated  in  passing  that  with  the  exception  of  the  form 
first  mentioned  all  the  above  flangeways  can  be  used  in  paved  street 
crossings,   should  this  style  of  construction  be  required. 

From  the  above  it  will  lie  noted  that  the  cheapest  flangeway  is  that 
furnished  by  dressing  and  placing  the  crossing  planks  a  sufficient  dis- 
tance from  the  gage  of  the  rails  to  provide  the  necessary  space.  This 
form  is  unsatisfactory  because  the  feet  of  horses  or  other  animals  are 
easily  trapped  and  because  of  the  expense  incurred  in  making  frequent 
renewals  on  account  of  the  wheels  cutting  or  wearing   the  timbers  away. 

The  use  of  paving  blocks  fitted  to  the  webs  of  the  rails  and  either 
grouted  or  filled  with  paving  pitch,  is  somewhat  more  expensive  and  not 
so  well-suited  to  high-speed  traffic  as  the  other  forms,  but  very  satis- 
factory for  use  in  commercial  tracks  laid  in  paved  streets. 

For  important  street  crossings,  where  the  depth  of  paving  will  per- 
mit the  use  of  the  regular  T  rail,  or  where  the  crossings  are  planked, 
the  most  desirable  flangeway  from  the  railroad  company's  standpoint 
is  that  formed  by  the  use  of  relaying  rail  properly  secured  to  the  ties 
witli  lag  screws  or  other  satisfactory  form  of  fastening.  With  this  style 
of  flangeway  it  is  highly  desirable  that  the  track,  where  practicable,  be 
laid  so  as  to  avoid  joints  in  the  crossings.  In  the  case  of  wide  crossings 
this  condition,  of  course,  cannot  be  realized  without  the  use  of  extra- 
length  rails. 

In  the  matter  of  flangeways  for  tracks  laid  in  paved  streets,  your 
Committee  feels  that  the  most  satisfactory  construction  is  that  obtained 
by  the  use  of  the  141-lb.  9-inch  girder  rail  with  flangeway.  This  con- 
struction is  cheaper  in  first  cost  than  where  a  relaying  T  rail  is  used 
with  the  main  rail  to  form  the  flangeway.  It  will  permit  the  use  of  any 
kind  of  paving;  provides  a  flangeway  for  the  wheels:  leaves  no  openings 
in  which  animals  can  get  trapped ;  provides  a  shoulder  against  which  to 
place   the   paving   and  requires  no   maintenance   as   long  as  the   rail   lasts. 

(2)     PRINCIPLES  GOVERNING  THE  USE  OF  RAILWAY  SIGNS. 

Railway  signs  naturally  fall  under  two  divisions  or  classes :  One 
applying  to  the  general  public,  the  other  to  the  employes  of  the  railroad 
companies. 
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Of  the  former,  the  principal  signs  are  public  and  private  road  cross- 
ings and  trespass  signs.  Under  the  latter  may  be  mentioned  whistle  and 
ring  boards,  clearance  and  mile  posts,  right-of-way  monuments,  bridge 
and  trestle  numbers,  etc. 

The  signs  of  the  first  class  are  pretty  fully  covered  by  the  laws  and 
rulings  or  decrees  of  the  Public  Utility  or  Railway  Commissions  of  the 
various  States,  while  those  of  the  second  class  are  the  results  of  ex- 
pedients adopted^  from  time  to  time  to  aid  in  the  solution  of  operation 
problems  and  insure  greater  safety. 

In  the  report  submitted  by  this  Committee  two  years  ago,  and  which 
may  be  found  in  Volume  15  of  the  Proceedings  of  the  Association,  is 
given  the  text  of  the  laws  in  32  States  and  the  Dominion  of  Canada  re- 
lating to  the  maintenance  of  signs  at  public  highway  crossings.  For 
quick  reference,  synopses  of  these  laws,  as  well  as  the  decrees  and 
rulings  of  the  Public  Utility  or  Railway  Commissions  of  Connecticut, 
Indiana,  New  Jersey  and  Rhode  Island  are  given  in  the  body  of  the  re- 
port, with  the  statement  that  there  are  no  laws  in  effect  in  Colorado, 
Louisiana,  Nebraska  or  Oregon  respecting  the  installation  or  mainte- 
nance of  highway  crossing  signs.  This  statement,  however,  does  not 
imply  that  the  railroads  do  not  use  crossing  signs  in  these  States,  but 
they  are  in  no  way  restricted  as  to  design,  wording  of  inscription  or 
size  of  letters. 

In  the  same  report  may  be  found  the  text  of  laws  in  force  in  28 
States  and  the  Dominion  of  Canada  relating  to  trespassing  on  railroad 
or  other  private  property. 

Synopses  of  laws,  relative  to  the  installation  and  maintenance  of 
highway  crossing  signs,  in  force  in  California,  Idaho,  Montana,  Nevada, 
Utah,  Vermont  and  Wyoming,  received  too  late  for  inclusion  in  the  re- 
port of  1914,  were  given  in  the  body  of  last  year's  report.  Synopses  of 
laws  respecting  trespassing,  in  force  in  California,  Idaho,  Montana,  Ne- 
vada, New  Hampshire,  Utah  and  Wyoming,  received  too  late  to  appear 
in  the  1914  report,  will  be  found  in  the  body  of  last  year's  report. 

The  laws  of  about  75  per  cent,  of  the  States  reported  state  more  or 
less  specifically  what  shall  constitute  a  legal  highway  crossing  sign,  that 
is,  the  general  design,  the  wording  of  the  inscription,  size  of  letters,  etc. 
In  no  case,  however,  do  the  laws  respecting  trespassing  state  what  in- 
scription shall  appear  on  trespass  signs.  In  some  States  posting  is  re- 
quired, but  no  suggestion  of  the  wording  to  be  used  is  made. 

In  most  cases,  certain  illegal  acts  are  specified,  but  no  style  of  warn- 
ing is  suggested,  it  being  left  to  the  civil  authorities  to  make  arrests  and 
inflict  such  punishment  as  the  laws  of  the  various  States  provide,  usually 
fines  or  imprisonment,  or  both  fine  and  imprisonment,  at  the  discretion 
of  the  court.  Your  Committee  has,  therefore,  not  been  able  to  secure 
any  new  information  to  submit  on  this  class  of  signs  this  year. 

It  has,  however,  made  a  study  of  the  laws  relating  to  the  second 
class  of  signs,  viz.,  those  applying  to  the  employes  of  the  railroad  com- 
panies, and  finds  the  only  signs  covered  by  laws,  and  that  only  by  im- 
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plication,  are  whistle  and  ring  boards.  These  signs  are  covered  by  a 
quite  common  provision  in  the  laws  of  the  different  States  and  summed 
up  by  Mr.  Stimson  in  his  treatise  on  American  Statute  Law,  Section  No. 
8822,  as  follows : 

Every  Railroad  Corporation  shall  cause  a  bell  (except  in  Kansas) 
of  30  or  35  lbs.  in  weight  and  a  steam  whistle  to  be  placed  on  each  loco- 
motive engine  passing  upon  its  road,  and  such  bell  shall  be  rung  or 
whistle  sounded  (three  blasts  in  Massachusetts)  at  the  distance  of  at  least 
300  yards  or  80  rods  from  the  place  where  the  road  crosses  upon  the 
same  level  any  highway.  This  provision  or  a  slight  variation  of  it 
has  been  adopted  by  Alabama,  Arkansas,  Illlinois,  Indiana,  Iowa,  Kansas, 
Maine,  Massachusetts,  Nebraska,  Nevada,  New  Hampshire,  New  Jersey, 
New  York,  New  Mexico,  Ohio,  Oklahoma,  Rhode  Island,  South  Caro- 
lina, Texas,  Utah,  Vermont,  West  Virginia  and  Wisconsin. 

While  the  above  statute  does  not  contain  any  specific  provision  as  to 
the  installation  of  or  style  of  whistle  or  ring  boards,  the  railroads  have 
been  allowed  to  establish  such  signs  at  their  discretion  for  the  purpose 
of  calling  the  trainmen's  attention  to  the  need  of  warning  the  public  of 
the  approach  of  their  trains. 

With  this  precaution  taken  by  the  trainmen  and  the  further  warn- 
ing given  by  the  highway  crossing  signs,  accidents  are  only  possible 
when  the  warnings  are  not  heeded.  There  are,  of  course,  cases  where 
the  crossing  signs  are  not  visible  a  sufficient  distance  from  the  crossing 
to  furnish  the  proper  degree  of  safety,  and  other  cases  where  the  view 
of  the  railroad  for  a  proper  distance  is  obstructed  by  buildings  or  the 
natural  contour  of  the  country.  In  such  cases  an  additional  warning  is 
usually  provided  by  placing  signs  along  the  highway  at  some  stated  dis- 
tance from  the  crossing  notifying  the  public  of  the  proximity  of  the  rail- 
road. The  introduction  of  the  automobile  with  its  attending  train  of 
reckless  handling,  tendencies  to  take  risks  and  failure  to  obey  regulations, 
has  greatly  increased  the  element  of  danger  of  accident  at  grade  cross- 
ings and  many  catastrophes  are  traceable  to  its  influence. 

We  have  all  no  doubt  at  some  time  wondered  what  prompted  or  in- 
spired the  wording  on  the  various  signs  and  warnings  which  have  from 
time  to  time  been  brought  to  our  notice.  In  some  States  the  highway 
crossing  sign  has  the  inscription  "Look  Out  for  the  Engine,"  in  others 
"Look  Out  for  the  Locomotive,"  while  in  the  majority  of  the  States  the 
public  is  warned  to  "Look  Out  for  the  Cars."  As  the  locomotive  usually 
precedes  the  cars  in  the  train  the  natural  inference  would  be  that  either 
the  first  or  second  style  of  warning  would  be  generally  adopted.  The 
facts,  however,  contradict  this  assumption,  as  will  be  seen  by  referring 
to  the  report  of  two  years  ago. 

Various  stories  have  gone  the  rounds  respecting  the  origin  of  the 
warning  "Stop,  Look,  Listen,"  in  use  in  Pennsylvania  and  Rhode  Island, 
who  originated  it,  compensation  received,  etc.  In  its  investigation  your 
Committee  received  some  information  regarding  this  inscription,  which 
is  authenic  and  may  be  interesting  to  some.    Just  when  and  where  it  was 


86  SIGNS,    FENCES    AND    CROSSINGS. 

first  used  we  are  not  advised,  but  it  was  adopted  by  the  Philadelphia  & 
Reading  Railway  July  23,  1891. 

About  that  time  this  company  acquired  the  Gettysburg  &  Harrisburg 
Railroad,  and  on  an  inspection  trip  over  that  road  several  officials  of  the 
Philadelphia  &  Reading  Railway  noticed  that  sign  at  a  number  of 
crossings. 

As  it  was  especially  adapted  to  circumstancese  covering  the  rule  of 
law  governing  travelers  on  public  highways  when  approaching  railroad 
crossings  at  grade,  the  Philadelphia  &  Reading  Railway  adopted  the 
sign  for  use  at  grade  crossings  on  its  lines  of  railroad  in  Pennsylvania. 
The  use  of  this  particular  inscription  is  not  covered  by  any  laws  in  force 
in  Pennsylvania. 

(3)  CONTINUE  THE  STUDY  OF  CONCRETE  FENCE  POSTS. 

As  concrete  fence  posts  had  been  so  fully  investigated  during  the 
past  four  years,  your  Committee  felt  somewhat  at  a  loss  to  know  what 
feature  of  the  subject  could  be  studied  with  profit  this  year.  The  idea 
of  making  a  general  review  of  the  entire  subject  suggested  itself  and 
your  Chairman  secured  from  the  Secretary  of  the  American  Society  of 
Civil  Engineers  two  searches — one  dated  November  15,  1907,  covering 
articles  on  concrete  fence  posts  and  telegraph  poles,  published  in  the 
various  Engineering  Journals  1905-1907,  the  other  dated  November  13, 
1914,  being  a  continuation  of  the  above,  covering  articles  published 
1 908- 19 1 4. 

All  articles  bearing  on  concrete  fence  posts,  which  were  available 
in  the  libraries  of  Baltimore,  were  read,  and  your  Committee  considers  a 
number  of  these  well  worth  reading  by  the  members  of  the  Association 
interested  in  this  subject.  The  feature  which  appealed  especially  to  your 
Chairman  while  making  these  investigations  was  the  change  in  sentiment 
which  has  developed  in  regard  to  the  manufacture  of  concrete  fence 
posts  during  the  past  ten  or  twelve  years. 

An  abstract  of  a  paper  read  before  the  Association  of  Cement  Users 
by  J.  A.  Mitchell,  a  manufacturer  of  concrete  posts,  appearing  in  the 
Engineering  News  of  January  26,  1905,  in  which  some  statements  were 
made,  which  at  this  time  sounds  little  short  of  startling.  He  advocated 
the  use  of  wood  forms  of  two  compartments,  galvanized  reinforcement, 
dry  mixture,  and  stated  that  two  men  could  turn  out  100  posts  per  day, 
or  three  men  could  turn  out  175  or  200  posts  per  day,  at  a  cost  of  11  to 
12V2  cents  each,  and  that  he  had  never  known  a  post  to  be  broken  after 
it  had  been  set  in  the  ground. 

He  advocated  the  use  of  wooden  forms  because  he  considered  metal 
forms  too  heavy  and  expensive.  Since  then  a  great  change  has  taken 
place  in  the  matter  of  forms.  Metal  has  now  almost  wholly  supplemented 
wood,  except  in  experimental  cases  and  where  odd  sizes  of  posts  are  de- 
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sired.  Instead  of  the  wooden  forms  of  two  compartments,  they  are  now 
made  of  metal  in  nests  of  5  to  10,  supported  on  convenient  frames  and 
equipped  with  facilities  for  compacting  the  concrete.  Galvanized  rein- 
forcing material  was  advocated  because  the  thin  shell  of  concrete  outside 
the  reinforcement  of  a  post  was  not  considered  adequate  protection  to 
plain  iron  or  steel  rods.  Recent  experience  indicates  that  bright  gal- 
vanized rods,  unless  deformed,  would  not  develop  proper  strength  in  the 
concrete,  and  that  slightly  rusted  rods  are  a  decided  advantage  as  a  rein- 
forcing material.  It  is  also  a  pretty  fully  established  fact  that  concrete, 
even  in  a  thin  layer,  does  arrest  corrosion  in  iron  and  steel  imbedded 
in  it.  Either  round  or  corrugated  rods  are  more  satisfactory  than  the 
Mat  bar  type  sometimes  used,  although  this  form  is  advocated  by  some 
because  of  the  greater  area  presented  to  the  concrete. 

The  use  of  dry  mixture  was  advocated  because  the  best  looking 
posts  were  made  from  concrete  of  that  consistency,  although  more  time 
was  required  in  the  manufacture.  The  use  of  dry  mixture  is  now  ques- 
tioned because  it  is  not  always  dense  enough  to  prevent  water  from  pene- 
trating it  and  causing  injury  in  freezing  weather.  Furthermore,  where 
tamping  is  necessary  it  is  impossible  to  maintain  the  reinforcement  in  its 
proper  location  nor  will  the  dry  mixture  bond  with  the  steel  as  ridigly 
as  will  the  wetter  mixture. 

In  regard  to  the  speed  with  which  posts  could  be  turned  out  by  two 
or  three  men,  it  developed  that  they  were  of  such  size  as  to  permit  the 
manufacture  of  40  posts  from  a  cubic  yard  of  concrete,  which  is  about 
50  per  cent,  in  excess  of  the  present  practice.  In  the  matter  of  break- 
age, we  find  few  cases  where  some  posts  are  not  sooner  or  later  broken 
after  being  set.  This  appears  to  be  true  especially  where  posts  of  the 
smaller  dimensions  are  used.  The  Engineering  News  of  January  18, 
1906.  contains  a  two-page  abstract  of  an  article  by  Philip  L.  Wormsley. 
Jr.,  Testing  Engineer,  Office  of  Public  Roads,  Department  of  Agricul- 
ture, Washington,  D.  C,  .which  was  published  in  full  in  the  Farmers 
Bulletin,  No.  235.  In  this  article  he  lays  down  three  principles  or 
conditions  which  must  be  fulfilled  by  a  thoroughly  satisfactory  fence 
post,  as  follows:  (1)  It  must  be  obtained  at  a  reasonable  cost.  (2) 
It  must  have  sufficient  strength  to  meet  the  demands  of  general  farm  use. 
(3)  It  must  not  be  subject  to  decay  and  must  be  able  to  withstand 
successfully  the  effects  of  water,  frost  and  fire. 

He  then  describes  in  detail  the  various  forms  of  reinforcement,  and 
its  location  in  the  post,  the  mixture  and  size  of  aggregate,  consistency 
of  the  mixture,  various  kinds  of  molds,  method  of  securing  fencing  to 
the  post,  chamfering  or  rounding  of  edges  to  avoid  damage  by  chipping, 
cost  data,  and  gives  the  results  of  a  long  series  of  tests  conducted  by  the 
department. 

Your  Chairman  considers  it  one  of  the  best  expositions  of  the  subject 
he  has  been  able  to  find  and  strongly  recommends  it  to  anyone  interested. 
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RECOMMENDATIONS. 

(i)  In  view  of  the  variety  of  flangeways  found  by  your  Committee 
in  its  investigations  this  year,  it  recommends  that  a  further  study  be 
made  with  a  view  of  determining  the  proper  flangeway  opening  through 
crossing  frogs  where  steam  railroad  tracks  are  crossed  by  trolley  tracks 
at  street  crossings. 

(2)  Investigate  the  matter  of  reduction  of  the  number  of  roadway 
signs  and  the  adoption  of  a  standard  sign  for  general  use  as  far  as 
possible.  Also  consider  the  location  of  signs,  having  in  mind  the  matter 
of  safety  for  employes  obliged  to  use  the  roadway. 

(3)  Investigate  the  legal  requirements  relative  to  fencing  right-of- 
way  and  providing  stock  guards. 

(4)  The  adoption  and  inclusion  in  the  Manual  of  plan  of  Street 
Crossing  shown  on  Plate  B. 

Respectfully   submitted, 

COMMITTEE  ON   SIGNS,  FENCES  AND  CROSSINGS. 
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A.  F.  Dorley,  Chairman; 

J.  T.  Andrews, 

C.  A.  Ashbaugh, 

F.  T.  Beckett, 

M.  C.  Blanch ard, 

C.  C.  Cook, 


J.  L.  Campbell,  Vice-Chairman ; 

R.  H.  Gaines, 

W.  C.  Harvey, 

E.  G.  Lane, 

W.  A.  Parker, 

R.  W.   Willis, 

Committee. 


To  the  Members  of  the  American  Railway  Engineering  Association: 

Your  Committee  on  Water  Service  presents  below  its  report  to  the 
seventeenth  annual  convention.  The  following  subjects  were  assigned 
the  Committee  by  the  Board  of  Direction : 

(a)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  sub)>iit   definite   recommendations  for  changes. 

(i)     Report  on  cost  of  tumping  water  by  various  methods. 
(2)     Report  on  protection  for  water  stations  against  freezing. 

The  following  Sub-Committees  were  appointed  to  deal  with  the  sev- 
eral subjects  assigned: 

Sub-Committee   A. 


J.  L.  Campbell,  Chairman; 
C.  A.  Ashbaugh, 
F.  T.  Beckett, 

W.  C.  Harvey,  Chairman; 
C.  C.  Cook, 
J.  T.  Andrews, 
A.  F.  Dorley, 


M.   C.  Blanchard, 
R.  H.  Gaines. 


Sub-Committee  B. 


E.  G.  Lane, 
W.  A.  Parker, 
R.  W.  YYillts. 


(a)     REVISION  OF  MANUAL. 

In  its  report  to  the  sixteenth  annual  convention  in  March,  1915,  your 
Committee  submitted  for  approval  a  number  of  important  changes  in 
the  subject-matter  embodied  in  the  Manual  under  the  heading  of  "Water 
Service."  Your  Committee  assumes  that  its  recommendations  of  last 
year  have  received  the  favorable  consideration  of  the  Board  of  Direction, 
and  at  this  time  it  has  no  additional  revisions  to  recommend. 


(1)     COST  OF  PUMPING  WATER  BY  VARIOUS  METHODS. 

The  Committee  formulated  and  the  Secretary  of  the  Association 
sent  to  the  railroads  the -questionnaire  appearing  in  the  last  column  of  the 
appended  tables,  the  answers  thereto  being  stated  in  detail  on  the  tables. 
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These  tables  embody  all  of  the  results  of  the  inquiry  and  they  are  sub- 
mitted as  information  only.  On  account  of  lack  of  uniformity  and  incom- 
pleteness of  the  replies  received,  it  would  not  be  wise  to  attempt  general  or 
specific  deductions  from  the  data  given.  In  some  instances  it  was  neces- 
sary to  reduce  the  replies  to  a  form  that  would  admit  of  entry  on  the  tables 
under  the  classification  of  the  questionnaire  and  this  introduces  another 
element  of  some  uncertainty  and  unreliability  as  a  basis   for  conclusions. 

The  inquiry  has  undoubtedly  brought  together  considerable  informa- 
tion of  some  value  or  at  least  some  interest,  but  the  Committee  raises  the 
question  whether  or  not  an  investigation  of  this  kind  results  in  any  gen- 
eral substantial  advance  in  the  state  of  the  art  of  the  subject  investigated, 
especially  when  it  involves  so  many  diverse  conditions  having  no  general 
application  such  as  are  found  in  pumping  the  water  supplies  of  American 
railways. 

Those  who  have  given  some  attention  to  the  details  of  the  subject 
generally  agree  that  the  cost  of  pumping  water  at  a  water  station  fre- 
quently has  little  relation  to  the  cost  of  pumping  at  another  station  and 
gives  no  basis  on  which  the  cost  of  pumping  at  another  station  could  be 
deduced  even  on  the  same  railroad.  It  frequently  happens  that  the  quan- 
tity of  water  pumped  is  the  factor  that  affects  the  cost  more  largely  than 
the  efficiency  of  the  pumping  machinery  or  the  height  to  which  the  water 
is  lifted.  The  wide  variations  in  cost  of  pumping  indicated  on  the  tables 
are  in  many  cases  doubtless  the  result  of  conditions  other  than  the  char- 
acter and  efficiency  of  the  pumping  apparatus  and  substantially  unamen- 
able to  correction.  This  applies  to  the  roads  individually  as  well  as 
collectively,  many  of  the  roads  individually  showing  wide  variations  in 
unit  costs. 

The  only  basis  on  which  reliable  deductions  could  be  drawn  in  the 
investigation  of  the  efficiency  of  different  kinds  of  pumps  and  pumping 
would  involve  the  application  of  different  kinds  of  pumping  apparatus  to 
the  same  case  and  all  of  its  conditions,  or  to  cases  strictly  comparable 
throughout,  all  the  conditions  of  which  would  be  fully  known.  It  is 
needless  to  say  that  such  comparisons  are  unattainable  in  any  general  in- 
vestigation such  as  was  assigned  to  this  Committee  in  the  absence  of  spe- 
cific comparative  pumping  tests  under  strictly  comparative  conditions 
indicated. 

The  Committee  is  of  the  opinion  that  the  principal  value  of  an  in- 
vestigation of  this  kind  is  its  direction  of  the  attention  of  the  roads 
individually  to  what  they  are  individually  doing  and  doubtless  such  in- 
vestigations of  the  different  phases  of  the  general  transportation  prob- 
lem do  result  in  more  or  less  improvement  in  operating  conditions.  The 
benefit  derived  depends  primarily  on  the  extent  to  which  the  roads  in- 
dividually are  induced  to  go  into  a  detailed  analysis  of  their  individual 
problems. 

Of  the  sources  of  water  supply  reported,  about  30  per  cent,  are  deep 
wells  of  small  diameter.  The  roads  are,  therefore,  securing  a  large  part 
of  their  water  supply  under  the  most  adverse  conditions  for  economical 
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pumping.  On  Table  3  will  be  found  some  information  covering  the  cost 
of  pumping  from  such  wells  by  the  use  of  deep  well  centrifugal  pumps 
having  lifts  slightly  over  ioo  feet  and  capable  of  lifting  200  feet.  A  good 
deep  well  centrifugal  pump  offers  some  important  advantages  over  the 
old  deep  well  working  barrel  in  the  matter  of  maintenance,  capacity  of 
well  and  cost  of  pumping.  Additional  information  will  also  be  found  on 
the  tables  relative  to  centrifugal  lifts  up  to  a  maximum  of  300  feet. 


(2)     ON    PROTECTION    FOR    WATER    STATIONS    AGAINST 

FREEZING. 

Your  Committee  on  the  above  subject  formulated  a  set  of  thirty  or 
more  questions,  which. were  sent  to  forty- four  railroads  in  the  United 
States  and  Canada,  requesting  information  concerning  the  practice  on 
the  various  lines,  the  troubles  encountered  due  to  freezing  of  the  water 
stations  and  the  remedies  employed  to  correct  their  troubles.  These 
questions  pertained  to  pipe  lines,  pump  houses  and  machinery,  tanks  and 
water  columns.  Answers  were  received  from  forty  roads,  and  as  it 
is  not  practicable  to  place  the  information  received  in  tabulated  form,  the 
answers  have  been  thoroughly  reviewed  and  analyzed,  and  in  the  follow- 
ing report  we  give  the  general  practice,  the  remedies  and  our  conclusions. 

The  minimum  temperatures  to  which  the  water  stations  are  exposed 
vary  from  about  18  degrees  above  zero  in  the  Gulf  States  to  50  degrees 
below  zero  at  some  Canadian  stations.  Some  of  the  mountain  roads  in 
the  United  States  report  temperature  conditions  fully  as  troublesome  as 
the  Canadian  roads,  and  roads  in  the  Southern  States  report  low  tempera- 
tures of  short  duration,  which  do  not  justify  the  same  precautions  against 
freezing  that  is  necessary  with  the  same  minimum  temperature  of  long 
duration  at  other  points. 

The  penetration  of  frost  is  reported  as  one  inch  in  Louisiana  and 
three  inches,  six  inches  and  ten  inches  in  some  of  the  other  Southern 
States.  In  the  Central  and  Plains  States,  it  is  reported  variously  from  two 
feet  to  six  feet.  In  Canada  it  varies  from  three  feet  in  southern  Ontario 
to  six  feet  in  Manitoba.  Some  of  the  mountain  roads  in  the  United 
States  report  six,  seven  and  even  eight  feet  as  the  depth  of  frost.  The 
depth  of  the  frost  does  not  always  vary  directly  with  the  temperature. 
Earth  well  covered  with  snow  freezes  to  a  much  less  depth  than  when 
the  snow  covering  does  not  exist  or  is  very  light.  Frost  penetrates  to  a 
greater  depth  in  gravel  or  loose  rock  than  in  clay;  therefore,  in  the  lay- 
ing of  pipe  lines,  the  local  conditions  must  be  considered  as  well  as  the 
temperature. 

Pipe  lines  may  be  laid  on  the  surface  without  cover  in  the  extreme 
Southern  States.  In  the  central  districts  the  minimum  cover  is  variously 
reported  as  being  from  two  feet  to  seven  feet.  Three  feet  of  cover  is 
sufficient  in  the  southern  parts  of  Canada,  and  at  other  Canadian  stations 
7  feet  6  inches  is  reported  as  the  practice.  The  size  of  pipe,  amount 
of   water   discharged    and   local    conditions    will    have    a   bearing   on   the 
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minimum  depth  of  cover  and  no  inflexible  rules  can  be  made  governing 
this  depth.  Of  the  forty  roads  reporting,  four  report  trouble  with  the 
pipe  cover  in  use.  In  Dakota  a  pipe  line  froze  with  a  5  feet  4  inches 
cover.  One  mountain  road  had  trouble  in  rocky  soil.  Another  mountain 
road  had  trouble  when  the  cover  was  less  than  4  feet. 

When  pipe  lines  cannot  be  drained,  or  on  account  of  construction 
difficulties  must  be  left  above  ground,  protection  is  provided  in  various 
ways.  Sometimes  the  circulation  of  the  water  in  the  pipe  is  sufficient,  or 
the  pipe  may  be  wrapped  with  hair  felt  covered  with  tarred  paper  and  then 
boxed.  The  number  of  layers  of  hair  felt,  paper  and  boxing  will  depend 
on  the  length  and  size  of  pipe,  temperature,  etc.  When  steam  is  avail- 
able a  steam  pipe  may  be  enclosed  with  the  water  pipe.  A  common  method 
is  to  enclose  the  pipe  in  a  wooden  box  and  pack  the  box  with  sawdust. 
This  method  should  only  be  used  in  the  more  moderate  temperatures.  A 
favorite  method,  used  where  the  cold  is  more  extreme,  is  air-space  insula- 
tion— two  or  more  air  spaces  being  built  around  the  pipe  and  lined  with 
building  paper.  One  road  in  Canada  uses  a  four-foot  square  box  with 
four  thicknesses  of  lumber,  four  thicknesses  of  10-ounce  felt  and  four 
air-spaces.  It  is  important  that  all  boxes  of  pipe  coverings  be  as  air-tight 
as  practicable,  and  waterproof. 

For  long  lengths  of  exposed  pipe,  alternate  layers  of  hair  felt  and  tar 
paper  protected  by  an  outer  layer  of  metal  or  heavy  roofing  paper  may  be 
used.  Four  layers  each  of  hair  felt  and  tar  paper  are  used  by  one  road 
exposed  to  a  temperature  of  twenty  degrees.  Heavy  canvas,  painted, 
is  also  used  for  the  outer  covering  without  boxing. 

Valves  should  be  located  below  frost  line  where  possible.  Large 
valves  may  be  buried  and  valve  stem  protected  by  cast-iron  valve  box 
extending  to  surface  of  the  ground.  Valves  frequently  used  require  more 
frequent  inspection  and  may  be  placed  in  pits,  which,  in  the  colder 
climates,  must  be  provided  with  double  cover.  If  the  covers  are  air-tight, 
or  nearly  so,  the  air  space  between  them  forms  an  excellent  insulation, 
otherwise  the  space  should  be  filled  with  sawdust,  manure  or  other  good 
insulating  material.  When  the  frost  penetration  is  deep,  it  is  not  ordinarily 
possible  to  place  the  lower  cover  below  the  frost  line,  and  in  some  in- 
stances the  side  walls  of  the  pits  are  built  with  air  space  between  outer  and 
inner  walls. 

Some  roads  avoid  freezing  of  discharge  line  by  extending  the  pipe 
to  the  top  of  the  tank  and  then  draining  all  pipes  and  valves  after 
pumping. 

Where  water  is  pumped  directly  from  shallow  streams  or  reservoirs, 
and  it  is  not  possible  to  place  the  suction  pipe  below  the  frost  line,  it 
may  be  protected  by  carrying  it  out  to  deep  water  beneath  an  earth  dike 
covered  with  sod.  The  better  practice  is  to  construct  an  intake  well  fed  by 
gravity  from  the  stream,  the  end  of  the  suction  pipe  being  installed  in 
the  well.  Suction  pipes  subject  to  freezing  should  be  arranged  so  that 
they  will  drain  after  using.  The  use  of  intake  wells 'is  generally  recom- 
mended.    The  warmth  of  the  earth  is  a  factor  in  preventing  the  freezing 
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of  the  water  in  the  wells,  and  it  is  generally  only  necessary  to  place  a 
single  wooden  cover  over  the  wells.  In  colder  climates,  double  covers 
are  resorted  to,  with  air  space  between,  or  else  a  single  cover  is  used  and 
covered   with   snow,    which    forms   a  first-class   protection. 

Anything  done  to  exclude  the  cold  from  the  wells  will  prevent  lower- 
ing of  the  temperature  of  the  water,  thereby  decreasing  the  liability  of 
trouble  from  freezing  in  the  tank  or  water  columns. 

PUMP    HOUSES. 

The  necessity  for  special  construction  of  pump  houses  in  order  to 
prevent  the  freezing  of  the  machinery  and  piping  will  depend  on  the  power 
used  for  pumping  and  whether  the  plant  is  operated  frequently  or 
infrequently. 

Where  steam  is  used  for  power,  and  night  and  day  pumping  is  done 
and  circulation  of  water  is  constant,  the  heat  from  the  boiler  will  ordi- 
narily be  sufficient  to  keep  all  piping  and  machinery  from  freezing  with- 
out special  frost  protection.  In  the  colder  climates,  however,  the  con- 
struction of  pump  houses  must  provide  better  protection  against  cold  than 
further  south. 

Three  roads  in  the  Southern  States  report  that  they  do  not  use  any 
ceiling  or  sheathing  on  the  inside  of  studding  on  frame  pump  houses. 
Elsewhere  in  the  United  States  and  Canada  more  or  less  protection  of 
this  kind  is  generally  used.  The  protection  consists  sometimes  of  one 
layer  of  matched  boards — sometimes  two  layers.  The  Canadian  lines 
ceil  their  houses  on  the  inside  and  double-sheath  them  on  the  outside, 
using  building  paper  between  the  two  layers  of  sheathing.  It  would  seem 
to  be  generally  good  practice  to  ceil  up  pump  houses  on  interior  with  one 
or  more  layers  when  the  minimum  temperature  encountered  is  20  degrees 
or  less. 

Double  doors  and  storm  windows  may  be  used  to  good  advantage 
where  the  temperatures  go  to  zero  or  below.  Pump  houses  of  brick,  hol- 
low tile  and  hollow  concrete  blocks  may  be  used  without  ceiling 
protection. 

The  freezing  of  water  jackets  and  piping  on  internal  combustion 
engines  is  experienced  by  a  number  of  the  roads,  because  they  are  not 
properly  drained  by  the  attendant  and  it  is  either  necessary  to  % avoid 
carelessness  or  neglect  at  these  places  or  else  see  that  heat  is  provided  at 
all  times.  The  radiation  from  the  exhaust  pipe  and  muffler  and  circulating 
tank  of  internal  combustion  engines  is  used  by  some  roads  to  a  limited 
extent  to  warm  the  pump  house,  but  as  the  pumping  is  generally  inter- 
mittent, it  cannot  be  depended  on  for  frost  protection.  The  use  of  stoves 
is  general  at  such  stations,  but  on  account  of  the  presence  of  gasoline 
and  other  oils,  which  increase  the  fire  hazard,  it  is  generally  conceded  that 
steam  heat  or  hot  water  heat  is  preferable  and  should  be  used  if  avail- 
able. It  is  essential  that  the  water  jackets  of  internal  combustion  engines 
be  always  drained  after  pumping  and  all  pumps  and  pipes  in  pump 
houses    should    be    so    arranged    that    they    can    be    drained.      There    are 
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devices  which  automatically  drain  the  engines  when  the  pumps  stop,  hut  it 
is   safer   to   give   the  valves   personal   attention. 

When  pumps  of  any  kind  are  not  in  use  and  will  not  be  used  for 
a  considerable  length  of  time,  the  pumps  should  generally  be  drained 
as  a  precaution  against  freezing.  The  necessity  for  this  will  depend  on 
the  weather,  temperature  of  water,  construction  of  pump  house  and  time 
pump  will  be  out  of  service,  etc. 

Few  roads  have  any  printed  rules  regarding  the  care  of  water  sta- 
tions to  prevent  freezing.  Several  roads  have  instructions  printed  in 
the  Maintenance  of  Way  Book  of  Rules.  Generally  the  pumper  receives 
his  instructions  orally  from  water  service  supervisor  and  also  by  letter, 
thirty  to  sixty  days  before  the  arrival  of  freezing  weather. 

It  would  seem  desirable  that  rules  for  the  care  of  water  stations 
be  incorporated  in  Maintenance  of  Way  Book  of  Rules  and  that  each 
person  handling  water  service  be  supplied  with  a  copy,  and  that,  in  addi- 
tion, each  individual  pumper  be  given  verbal  and  written  instructions  re- 
garding the  particular   plant  handled   by  him. 


Tanks  infrequently  used  are  subject  to  more  trouble  from  freezing 
than  those  in  frequent  service.  Tanks  supplied  from  ice-cold  streams 
will  cause  more  trouble  than  those  supplied  with  the  warmer  ground 
waters  from  wells.    The  troubles  due  to  freezing  are  generally  as  follows  : 

(a)  The  rods  operating  the  outlet  valve  become  inoperative  due 
to  the  ice  forming  in  top  of  tank  and  holding  the  rod  and  tank  valve  shut. 

(b)  After  the  rods  become  inoperative  as  above,  and  the  pumps  are 
started,  the  sheet  of  ice  in  top  of  tank  acts  as  a  float  and  raises  the  rods, 
thus  opening  the  tank  valve,  allowing  the  water  to  drain  out  of  tank  and 
flood  track  and  vicinity. 

(c)  Outlet  valves  freeze  in  shut  position.  This  is  frequently  due 
to  leaky  condition  of  the  valve.  It  is  also  due  to  the  location  of  valve. 
Valves  in  tank  bottoms  flush  with  the  floor  and  not  immediately  above 
frost  box,  give  more  trouble  than  those  elevated  above  the  floor  of  tank 
and  above  the  frost  box.  Leaky  valves  result  in  filling  the  outlet  spout 
with  ice. 

Some  roads  arrange  for  systematic  thawing  of  the  spouts  and  valves 
by  means  of  steam  hose  on  way-freight  engines.  Others  thaw  them  by 
torches  or  burning  Oily  waste  and  one  or  two  roads  report  special  metal 
boxes  under  valves  in  which  a  lamp  with  iron  chimney  is  kept  burning 
at  all  hours.     Others  use  metal  baskets  with  fire  in  them. 

(d)  An  accumulation  of  ice  on  the  walls  of  the  tank  sometimes  re- 
sults in  the  ice  falling  into  the  tank  when  nearly  empty,  breaking  piping 
and  valve  rods  or  pulling  down  the  ladder. 

On  roads  in  the  extreme  Southern  States,  no  frost  boxes  to  protect 
riser  pipes  are  used.  In  the  latitude  of  Atlanta,  Birmingham  and  points 
with  similar  temperatures,  simple  boxes  of  one  layer  of  two-inch  plank 
around  the  riser  pipe  filled  with   sawdust  are  used.     From  these  points 
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northward,  frost  boxes  are  almost  universally  used  under  wooden  tanks 
and  consist  of  layers  of  D.  &  M.  material,  building  paper  and  air  spaces. 
The  number  of  air  spaces  required  vary  with  the  temperatures  encoun- 
tered. It  is  important  that  the  frost-box  extend  into  the  ground  well 
below  the  frost  line.  The  part  of  the  box  below  ground  is  usually  con- 
crete. The  central  air  space  should  be  carried  down  inside  the  pit  in 
order  to  prevent  frost  entering  through  the  side  walls.  The  joint  at 
top  of  foundation  and  at  junction  with  tank  should  be  made  as  air-tight 
as  possible. 

Fn  the  Gulf  States  and  in  some  of  the  Southwestern  States,  the  use 
of  roofs  over  tank  is  not  generally  necessary  to  prevent  freezing.  In 
colder  climates  a  roof  of  sheathing  laid  tight  and  covered  with  prepared 
roofing  is  common  and  in  still  colder  climates  the  formation  of  ice  on 
the  surface  of  the  water  in  the  tank  and  the  prevention  of  the  valve 
rods  freezing  up  will  be  largely  overcome  if  a  frostproof  floor  of  matched 
lumber  and  paper  is  built  at  the  level  of  the  top  of  staves.  Cornice 
should  be  tight  so  as  to  exclude  all  air. 

Canadian  roads  find  it  necessary  to  entirely  surround  their  wooden 
tanks  with  a  separate  house,  built  of  2  inch  by  6  inch  studs,  tarred  felt 
being  applied  to  both  sides  of  studs  and  covered  on  one  side  by  shiplap 
and  on  the  other  with  drop  siding.  The  floor  over  top  of  tub  consists 
of  joist  with  the  underside  ceiled  with  shiplap,  the  upper  side  being  ceiled 
with   two   layers  of  shiplap  with   tarred  paper  between. 

A  stove  is  used  for  heating  this  house  and  the  smokestack  passes 
through    the   tank. 

Other  northern  roads  do  not  build  an  entirely  separate  house,  but 
ceil  up  the  entire  substructure  or  tower  of  tank  from  the  lower  end  of 
staves  to  the  ground  and  keep  up  fires  in  ^-tove.  smokestack  extending 
through  tank  near  valve  rod. 

STEEL    TANKS. 

The  freezing  trouble  in  steel  tanks  is  found  to  be  practically  the  same 
as  in  wood  tanks.  That  is,  the  rods  operating  the  valve  are  held  by  the 
ice  forming  in  top  of  tank,  the  valves  freeze  when  used  infrequently  and 
ice  forms-  more  quickly  if  ice  cold  water  from  streams  is  pumped  into 
tank. 

While  wood  is  a  better  non-conductor  than  steel,  and  the  ice  accumu- 
lation is  somewhat  greater  in  steel  tanks  than  in  wood,  it  is  not  apparent 
that  steel  tanks   cause  any  more  trouble  than   wood. 

Ice  itself  is  a  fair  non-conductor,  and  when  a  coating  of  ice  has 
accumulated  on  the  walls  of  the  tank  it  forms  a  fair  insulation.  Inlet 
and  outlet  pipes  should  enter  the  tanks  well  away  from  the  side  walls. 
Steel  tanks  are  preferably  used  where  the  consumption  of  water  is  heavy. 

On  some  Canadian  roads  steam  or  hot  water  coils  are  used  in  the 
bottom  of  the  down  leg  or  mud  drum  of  the  steel  tanks.  A  more  suc- 
cessful method  consists  of  a  stove  beneath  the  mud  drum  with  stovepipe 
extending  up  through  mud  drum  and  tank  near  inlet  and  outlet  pipe.  No 
trouble  is  reported  when  this  was  done. 
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One  road  in  northern  climate  builds  a  house  of  hollow  brick  around 
down  leg  or  mud  drum  of  steel  tanks  and  places  a  stove  inside  with  stove- 
pipe passing  through  tank  near  outlet  valve. 

Keeping  tanks  full,  or  nearly  so,  at  all  times  during  winter  will  result 
in  less  accumulation  of  ice. 

WATER    COLUMNS. 

Most  roads  in  territory  subject  to  freezing  report  trouble  with  water 
columns.  The  operating  rods  and  other  operating  parts  freeze,  due  to 
accumulation  of  ice.  The  valve  rods  stick  where  they  pass  through  the 
stuffing  boxes  or  where  they  pass  through  the  flange  of  the  lower  upright. 
The  valves  and  pits  freeze,  due  to  insufficient  protection. 

To  remedy  the  above  conditions,  burning  coal  oil  or  kerosene  lamps 
are  sometimes  placed  in  the  pits  or  the  frozen  parts  are  thawed  by 
means  of  steam  hose  where  available  or  by  building  a  fire  of  oily  waste, 
or  thawing  by  hot  water  or  turning  exhaust  steam  into  pit. 

All  columns  may  be  drained.  The  usual  arrangement  is  a  valve 
at  base  of  column  which  may  be  so  turned  in  warm  weather  that  the 
column  will  not  diain.  In  cold  weather  this  valve  should  be  turned  so  that 
the  column  will  drain  into  the  pit.  The  pit  itself  should  be  provided  with 
drain  to  sewer  or  depression.  In  cold  climates  a  single  cover  is  not  suffi- 
cient protection  for  the  pit.  Where  weather  conditions  warrant,  a  second 
cover  consisting  of  layers  of  wood  and  tarred  paper  should  be  installed 
below  the  upper  one  with  air  space  between  the  two.  This  cover  is  fre- 
quently placed  a  foot  or  more  below  the  top  and  space  filled  with  burlap, 
manure  or  other  insulation.  This  may  not  entirely  eliminate  the  danger 
from  freezing,  for  it  is  generally  impracticable  to  get  the  second  cover 
below  the  frost-line,  and  the  frost  may  come  through  the  side  walls  of 
the  pit. 

The  device  generally  used  under  the  spout  of  water  column  to  catch 
the  drip  consists  of  wood,  brick  or  concrete  catch  basins  with  iron  grat- 
ing. They  are  useful  in  carrying  away  the  greater  part  of  the  drip  from 
water  column  and  overflow  from  tender  and  preventing  an  accumulation 
of  ice.  Ice  accumulates  to  some  extent,  however,  and  it  is  occasionally 
necessary  to  remove  it.  These  basins  should  not  drain  to  the  water 
column  pits,  as  the  drain  forms  a  passage  by  which  the  cold  will  enter 
the  pit. 

SUGGESTED    SUBJECTS    FOR    NEXT   YEAR'S    STUDY   AND 

REPORT. 

(i)  Report  on  methods  for  rejuvenating  driven  wells;  cost  and  suc- 
cess, as  compared  with  driving  new  wells. 

(2)  Report  on  various  types  of  well  strainers  in  use  and  the  service 
secured  from  each  type. 

(3)  Report  on  best  methods  for  complying  with  new  Federal  quaran- 
tine regulations  in  regard  to  purity  of  drinking  water  supplied  to  the 
public  and  employes  on  interstate  trains. 
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(4)  Report  on  the  prevalence  of  pitting  and  corrosion  in  locomotive 
boilers  and  methods  for  their  prevention. 

(5)  Report  on  impounding  reservoirs   for   railway   water   supplies. 

(6)  Report   on   the    relative   merits   of    continuous    and   intermittent 
water  softeners. 

CONCLUSION. 

Your  Committee  respectfully   submits   the   above   reports   as   informa- 
tion   only,    as    their    subject-matter    is    not    suited    for    inclusion    in    the 

Manual. 

Respectfully  submitted, 

COMMITTEE  ON  WATER  SERVICE. 


REPORT  OF  COMMITTEE    XV— ON  IRON   AND    STEEL 
STRUCTURES. 


A.  J.  Himes,  Chairman ; 

J.     A.     BoHLAND, 
W. "  S.     Bouton, 
A.   W.   Carpenter, 
Charles    Chandler, 
C.    L.    Crandall, 
J.   E.   Crawford, 

A.  C.    Irwix, 

J.    M.   Johnson, 

B.  R.  Leffler, 
W.  H.  Moore. 


O.   E.   Selby,    Vice-Chairman; 

P.  B.  Motley, 

Albert  Reich  ma  nx, 

J.   \V.   Reid, 

A.   F.  Robinson, 

H.  B.   Seaman. 

C.   E.    Smith. 

H.  B.   Stuart, 

G.   E.  Tebbetts. 

F.     E.     TuRXEAIRK, 

L.  F.  Van  Hag  an, 


Committee. 


To  the  Members  of  the  American  Railway  Engineering  Association: 

The  subjects  assigned  to  your  Committee  for  investigation  during 
the  past  year  are : 

(i)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

(2)  Continue  the  study  of  methods  of  protection  of  iron  and  steel 
structures  against  corrosion. 

(3)  Continue  the  study  of  the  relative  economy  of  various  types  of 
movable  bridges. 

(4)  Continue  the  study  on  secondary  stresses  and  impact. 

(5)  Continue  the  study  of  column  tests. 

(6)  Continue  the  study  of  design,  length  and  operation  of  turntables. 

Sub-Committees  to  handle  these  subjects  were  appointed  as  follows: 
Sub-Committee  A,  Subject   (2)  : 

A.   W.   Carpenter,  Chairman; 

J.   A.   Bohland, 

L.  F.  Van  Hagan, 

H.  B.  Stuart, 

G.  E.  Tebbetts. 
Sub-Committee  B,  Subject   (5)  : 

W.  H.  Moore,  Chairman ; 

C.  L.  Crandall, 

J.  E.  Crawford, 

P.  B.  Motley, 

H.  B.  Seaman. 

9'J 
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Sub-Committee  C,  Subject  (6)  : 

O.  E.  Selby,  Chairman ; 

W.  S.  Bouton, 

Charles  Chandler, 

Albert  Reichmann,  • 

C.  E.  Smith. 
Sub-Committee  D,  Subject    (3)  : 

B.  R.    Leffler,   Chairman ; 
W.  S.  Bouton, 

P.  B.  Motley, 
J.  W.  Reid, 
G.  E.  Tebbetts. 
Sub-Committee  E,  Subject  (4)  : 

F.    E.    Turneaure,    Chairman ; 

C.  L.  Crandall, 
A.  C.  Irwin, 
Albert  Reichmann, 
A.  F.  Robinson. 

Sub-Committee  J,   Subject    (1)  : 

J.  E.   Crawford,  Chairman ; 

A.  C.  Irwin, 

J.    M.   Johnson, 

B.  R.  Leffler. 
H.  B.  Seaman. 

Sub-Committee  A  submits  a  progress  report  on  the  Method  of  Pro- 
tection oi  Iron  and  Steel  Structures  against  Corrosion,  in  Appendix  A. 
No  recommendations  are  included. 

Sub-Committee  B  submits  a  progress  report  on  Column  Tests  in 
Appendix  B.  The  Sub-Committee  has  no  recommendations  to  make,  but 
it  is  worth  while  to  note  that  important  progress  is  being  made  by  the 
U.  S.  Bureau  of  Standards  on  the  column  tests  outlined  by  this  Sub- 
Committee.  The  importance  of  these  tests  cannot  be  too  strongly  em- 
phasized. 

Sub-Committee  C  submits  a  progress  report  on  the  Design,  Length 
and  Operation  of  Turntables,  in  Appendix  C.  No  recommendations  are 
included. 

Sub-Committee  D  submits  a  progress  report  on  the  Relative  Economy 
of  Various  Types  of  Movable  Bridges,  in  Appendix  D.  No  recommen- 
dations are  made. 

Sub-Committee  E  submits  a  progress  report  on  Stresses  and  Impact, 
in  Appendix  E. 

This  report  embodies  certain  practical  deductions  from  the  series  of 
impact  tests  and  analytical  investigations  of  stresses  carried  on  for 
several  years  by  this  Committee.  These  deductions  are  not  presented  for 
adoption  by  the  Association  at  the  present  time.  On  the  contrary,  it  is 
the  purpose  of  the  Committee  in  presenting  the  report  to  place  it  before 
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the  Association  and  the  engineering  profession  for  discussion  and 
criticism. 

The  proposed  changes  in  our  bridge  specifications  affecting  unit 
stresses  and  impact  are  of  very  far-reaching  importance  and  should  not 
be  adopted  hastily.  It  is  earnestly  hoped  that  these  proposed  changes 
will  receive  liberal  discussion  and  that  on  the  occasion  of  our  next  annual 
convention  final  conclusions  may  be  presented   for  adoption. 

Sub-Committee  J  does  not  submit  a  report  of  progress  on  the  Exami- 
nation of  the  Manual.  A  complete  revision  of  the  Specifications  for 
Iron  and  Steel  Structures  has  beeen  under  discussion  in  the  Committee 
for  some  time.  Such  a  revision  is  considered  to  be  necessary,  but  time 
has  not  yet  been  found  to  give  it  the  thorough  attention  which  its 
importance  demands. 

The  Requirements  for  the  Protection  of  Traffic  at  Movable  Bridges, 
which  has  been  in  the  hands  of  the  Committee  for  a  couple  of  years,  has 
been  the  subject  of  further  consideration.  A  resume  of  the  subject  has 
been  published  in  Bulletin  178,  and  the  Committee  recommends  for 
adoption  the  specifications  printed  on  page  274  of  that  Bulletin.  It  also 
recommends  for  adoption  three  additional  specifications  submitted  by  the 
Chairman  of  Committee  2  of  the  Railway  Signal  Association,  as  follows : 

1.  The  rails  and  attachments  should  be  separated  from  the  metallic 
structure  so  track  circuits  may  be  successfully  operated  the  entire  length 
of  the  bridge. 

2.  The  various  bridge  devices  should  be  so  designed  that  Railway 
Signal  Association  interlocking  apparatus  may  be  used. 

3.  Electric  and  time  locking  are  regarded  as  adjuncts. 

In  addition  to  the  work  above  referred  to  and  described  in  the 
Appendices,  the  interest  of  the  Committee  in  the  work  of  the  Association 
is  shown  by  the  publication  in  the  Bulletins  throughout  the  year  of  the 
following  articles : 

Power  Input  of  Tractor  Operated  Turntables,  by  B.  R.  LefBer. 

Adaptation  of  Designs  of  Movable  Bridges  to  Signal  and  Interlocking 
Appliances  Required,  by  C.  E.  Smith. 

Especial  interest  is  attached  to  the  paper  by  Mr.  Leffler  because  it 
is  a  report  of  original  investigation  in  a  subject  concerning  which  the 
available  data  is  exceedingly  limited.  It  is  expected  that  the  results  of 
these  investigations  will  be  an  important  contribution  to  this  branch  of 
engineering. 

The  Committee  recommends  the  continuation  of  the  same  subjects 
for  further  study  during  the  ensuing  year.  It  is  believed  that  all  of  these 
subjects  are  worthy  of  much  further  investigation  and  it  is  impracticable 
to  bring  them  to  a  conclusion  without  several  continued  years  of  dis- 
cussion. 

Respectfully  submitted, 

COMMITTEE  ON  IRON  AND  STEEL  STRUCTURES. 


Appendix  A. 

METHODS  OF  PROTECTION  OF  IRON  AND  STEEL 
STRUCTURES  AGAINST  CORROSION. 

KEPORT   OF    SUB-COMMITTEE    A. 

Sub-Committee  A,  on  Methods  of  Protection  of  Iron  and  Steel 
Structures  against  Corrosion,  is  continuing  its  investigation  of  common 
practice  in  shop  painting,  on  which  it  presented  some  information  in  last 
year's  report.  Further  inspections  of  painting  at  shops,  under  varying 
weather  conditions,  are  on  the  program.  It  is  the  idea  of  the  Sub- 
Committee  to  obtain  accurate  information  as  to  the  common  practice  in 
shop  painting  and  to  use  the  same  as  a  basis  for  recommendations  to 
the  Association. 

During  the  year  a  new  method  for  coating  with  metals  has  been 
called  to  the  Sub-Committee's  attention.  This  is  the  so-called  Schoop 
Metal  Spraying  Process,  by  which  surfaces  may  be  coated  with  easily 
fusible  metals  such  as  lead,  tin,  zinc,  aluminum,  copper,  brass,  etc.  The 
process  involves  an  apparatus  called  a  "pistol"  which  is  a  mechanism 
somewhat  resembling  a  large  pistol  and  which  feeds  wire,  of  the  metal  to 
be  deposited,  into  a  blast  flame  of  combined  oxygen,  reducing  gas  and 
compressed  air,  which  results  in  the  issuance  from  the  nozzle  of  the  pistol 
of  a  spray  of  fused  metal.  This  spray,  when  directed  upon  a  proper 
surface,  coats  the  latter  with  the  metal.  Iron  and  steel  surfaces  are 
readily  coated  after  cleaning  by  the  sand  blast  method.  It  is  claimed 
that  a  coating  of  zinc  or  lead  can  be  applied  at  a  cost  of  only  a  few  cents 
per  square  foot  of  surface  coated,  including  the  preliminary  sand-blasting. 

The  Sub-Committee  is  also  investigating  the  question  of  whether  or 
not  it  is  necessary  or  advisable  to  paint  structural  steel  forms  which  are 
encased  in  concrete  for  protection. 
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Appendix    B. 

COLUMN  TESTS. 

REPORT  OF    SUB-COMMITTEE   B. 

The  Sub-Committee  on  Columns  has  not,  at  present,  very  much 
information  beyond  what  was  published  in  the  last  report.  In  June,  last, 
Mr.  Moore  forwarded  to  Director  Stratton  of  the  Bureau  of  Standards, 
drawings  covering  eight  columns  supplementary  to  the  first  series,  these 
columns  being  variations  of  our  column  No.   i,  series  No.   i. 

Word  has  just  been  received  from  Washington  that  the  twenty-four 
columns  for  this  series  are  all  delivered  and  that  the  Bureau  will  be 
pleased  to  test  any  particular  column  which  the  Committee  may  desire 
to  see  tested  at  any  time  which  may  suit  their  convenience.  In  Mr. 
Moore's  reply  to  Mr.  Stratton  it  was  stated  that  it  was  not  believed  that 
just  at  this  time  we  could  get  many  members  of  the  Committee  to  visit 
Washington  and  he  was  asked  to  proceed  with  the  tests  as  promptly  as 
possible  keeping  him  advised  as  to  the  progress.  He  was  also  asked 
particularly  to  advise  if  the  Bureau,  in  making  these  tests,  develop  any 
further  refinements  or  methods  or  whether  it.  may  be  possible  to  obtain 
valuable  information  by  taking  any  other  measurements  in  addition  to 
those  which  we  had  originally  decided  on. 

It  is  doubtful  if  the  results  of  the  tests  of  this  supplementary  series 
will  come  to  us  in  time  to  have  them  fully  reported  on  next  March,  but 
that  will  depend  on  the  progress  in  Washington. 

The  tests  have  been  discussed  quite  a  good  deal  with  members  of  the 
American  Society  Committee  and  some  apparent  anomalies  have  arisen 
in  the  test  results  which,  if  verified  by  further  tests,  may  be  interesting 
to  bring  to  the  attention  of  the  Committee. 
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Appendix   C. 

PHOSPHOR     BRONZES     FOR     USE     IN     TURNTABLES     AND 
MOVABLE  BRIDGES. 

Sub-Committee  C,  on  the  Design,  Length  and  Operation  of  Turn- 
tables, submits  the  following  report  on  phosphor  bronzes,  to  be  printed  as 
information.  The  specifications  accompanying  the  report  are  somewhat 
tentative  for  the  reason  that,  while  the  manufacture  of  bronzes  is  old,  the 
art  of  technical  specifications  for  them  is  young,  and  extended  use  of 
the  specifications  proposed  is  desirable  before  their  incorporation  in  the 
Manual. 

A  test  of  the  hardness  of  the  bronze  is  provided  for  in  the 
specifications.  Hardness,  as  distinguished  from  compressive  strength,  is 
one  of  the  primary  qualities,  but  the  experimental  knowledge  of  the 
hardness  numbers  of  bronzes  is  not  yet  great  enough  to  warrant  setting 
limits  in  the  specifications  as  a  criterion  for  acceptance.  It  is  expected 
that  a  systematic  recording  of  the  results  of  hardness  tests  on  bronzes  of 
the  qualities  here  required  will  result  in  hardness  limits  which  may  be 
specified,  perhaps  to  the  exclusion  of  the  compressive  strength  require- 
ments. There  are  two  methods  of  determining  hardness  in  common  use : 
the  Shore's  scleroscope  and  the  Brinell  ball  method.  The  numbers  of 
the  two  methods  bear  a  fairly  constant  ratio  for  metals  of  the  same  kind. 
The  scleroscope  is  really  a  measure  of  the  resilience.  The  Brinell  method 
consists  in  applying  to  a  finished  plane  surface  of  the  metal  a  hardened 
steel  ball  10  mm.  in  diameter  loaded  with  a  weight  varying  from  500  to 
3000  kg.  for  a  period  of  30  seconds.  Dividing  the  applied  weight  by  the 
area  of  the  indentation  gives  the  hardness  number.  In  Appendix  A  is 
given  a  partial  bibliography  of  hardness  testing. 

As  valuable  contributions  to  the  knowledge  of  the  subject,  two  papers 
are  made  parts  of  this  report:  one  by  Mr.  George  H.  Tinker  printed  in 
Bulletin  No.  180,  and  one  by  Mr.  Clement  E.  Chase  submitted  herewith. 

BRONZES      FOR     USE     IN      TURNTABLES      AND      MOVABLE 

BRIDGES. 

1.  Bearing  metals  are  used  for  the  purpose  of  reducing  friction  and 
wear  between  parts  of  machinery  in  sliding  contact.  It  is  well-known 
that  the  friction  between  surfaces  of  different  metals  is  less  than  between 
surfaces  of  like  metals.  The  same  is  true  in  a  more  marked  degree  of 
the  tendency  to  heat  and  "seize"  with  motion  under  pressure.  The  simp- 
lest form  of  application  of  this  principle  of  using  different  metals  in 
contact  is  in  the  use  of  cast-iron  bearings  under  rolled  or  forged  wrought- 
iron  or  steel  shafts.  There  is  no  tendency  to  heat  and  "seize"  under 
moderate  speeds ;  the  friction  is  little,  but,  on  account  of  the  small  differ- 
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ence  between  the  metals,  the  wear  is  considerable  and  the  use  of  such 
bearings  is  limited  to  the  crudest  kind  of  machinery.  Cast-iron  may 
then  be  said  to  be  the  primitive  bearing  metal. 

In  1839  Isaac  Babbitt  discovered  the  alloy  known  as  Babbitt's  Metal 
which  has  become  a  standard  bearing  metal  for  use  in  machinery  the 
world  over.  The  composition  is  shown  in  Item  1  in  the  accompanying 
table.  On  account  of  its  high  tin  contents,  Babbitt  Metal  is  high  in  price 
and  frequently  is  adulterated  by  the  addition  of  lead.  Many  other  white 
bearing  metals  have  been  made  having  tin  and  lead  bases  and  marketed 
under  various  names  but  all  may  be  considered  substitutes  for  Babbitt 
Metal. 

Bronze  and  brass  come  next  in  order  of  development  of  bearing 
metals.  Being  harder  than  Babbitt  Metal  the  friction  and  wear  are  less. 
but  the  fit  of  the  bearings  must  be  more  nearly  perfect.  Bronze  is  an 
alloy  of  copper  and  tin;  brass  is  an  alloy  of  copper  and  zinc,  the  copper 
preponderating  in  both.  Phosphor  bronze  is  a  bronze  to  which  phos- 
phorus has  been  added  for  the  purpose  of  cleansing  and  deoxidizing  the 
metal.  Most  of  the  phosphorus  passes  off  with  the  impurities  and  little 
remains  in  the  metal.  Manganese  bronze  is  a  bronze  in  which  manganese 
has  been  used  for  the  same  purpose.  Aluminum,  vanadium,  titanium  and 
such  recently  discovered  elements  have  been  used  also  in  alloys  with 
bronze.  Their  effect  is  to  add  to  the  strength,  homogeniety  and  other 
good  qualities  of  the  metal,  but  their  development  may  be  said  still  to 
be  in  the  proprietary  stage. 

The  physical  properties  desired  in  bronze  depend  on  the  use  to  be 
made  of  it.  For  machinery  bearings  with  low  pressure  and  high  speeds, 
under  constant  operation,  the  strength  of  the  bronze  is  less  important  than 
its  anti-friction  and  wearing  qualities.  For  bearings  of  movable  bridge 
trunnions  and  discs,  turntable  discs,  and  similar  slow-moving  parts  operated 
infrequently  and  carrying  heavy  pressure,  the  bronze  must  be  hard  enough 
and  strong  enough  in  compression  to  reduce  friction  to  a  minimum  and 
not  to  flow  or  distort  under  the  pressure.  For  worms,  gears,  nuts,  etc., 
the  bronze  must  have  tenacity  and  hardness  as  well  as  anti-friction  and 
wear-resisting  qualities.  The  differentiation  of  bronzes  according  to  the 
uses  mentioned  is  a  matter  of  recent  years ;  the  earlier  practice  was  to 
use  one  kind  for  all  purposes. 

The  hardness  and  strength  of  bronze  increase  with  the  amount  of  tin. 
The  introduction  of  lead  improves  the  wearing  qualities  and  softens  the 
metal  besides  cheapening  the  product.  Zinc  increases  the  tensile  strength 
but  is  injurious  to  the  alloy  for  bearing  purposes.  It  should  not  be  used 
except  in  bronze  for  the  third  purpose  mentioned  above  and  then  only 
in  small  quantities,  as  too  much  causes  a  segregation  of  the  tin  and  the 
formation  of  hard  "tin  spots." 

Until  1887  the  standard  bearing  alloy  was  seven  parts  copper  and  one 
part  tin,  shown  as  Item  2  in  the  table.  Sometime  before  1887,  Dicks  of 
England  patented  the  introduction  of  lead  and  phosphorus  into  the  copper 
tin  alloy  and  the  resulting  metal  became  known  as  the  "S  Brand,"  Item 
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3  in  the  tabic.  This  alloy  was  adopted  by  the  Pennsylvania  Railroad  and 
as  a  result  of  tests  made  by  L.  W.  Cloud,  Engineer  of  Tests,  the 
specification  shown  in  Item  4  was  adopted.  This  probably  was  the  first 
specification  for  phosphor  bronze,  and  as  the  following  history  will  show, 
has  been  used  widely  and  specified  generally  to  this  day. 

About  1876,  F.  J.  Clamer  made  and  sold  a  metal  known  as  Ajax 
Metal,  containing  more  lead  and  less  copper  than  the  "S"  Brand.  This 
is  shown  as  Item  5.     It  was  used  largely  for  engine  bearings. 

Dr.  C.  B.  Dudley,  of  the  Pennsylvania  Railroad,  began  a  series  of 
experiments  and  tests  which  proved  the  beneficial  influence  of  phosphorus 
and  lead  in  bronze.  He  then  made  experiments  in  the  direction  of  increas- 
ing the  lead  and  decreasing  the  tin  which  resulted  in  his  "Ex  B  Metal," 
Items  6  and  63.  Increasing  the  lead  developed  difficulties  due  to  the  fact 
that  the  lead  does  not  alloy  with  the  copper  and  tin  but  is  mechanically 
held  in  the  copper  tin  alloy  as  a  matrix.  G.  H.  Clamer  experimented 
with  increasing  amounts  of  lead  and  by  decreasing  the  tin  and  using  only 
pure  metals  produced  successfully  "Plastic  Bronze,"  Item  7.  This  metal 
is  suitable  for  light  bearings  and  resists  wear  well  but  is  too  soft  for 
bearings  under  heavy  pressure. 

Dr.  Dudley  made  no  experiments  on  the  frictional  effects  of  the  lead. 
It  appears  that  the  introduction  of  lead  decreases  the  wear  but  increases 
the  friction.  A  table  of  experiments  by  Clamer,  printed  in  "Lubrication 
and  Lubricants,"  by  Archbutt  and  Deeley,  shows  that  while  the  wear 
decreases  proportionately  with  the  increase  in  lead,  the  friction  in  the 
cases  of  lead  exceeding  five  per  cent,  was  as  high  as  forty  per  cent,  greater 
than  in  cases  having  no  lead.  These  results  are  said  to  have  been  con- 
firmed by  Spare  in  the  Cornell  laboratory.  There  are  no  definite  experi- 
ments known  which  show  lead  to  improve  the  anti-frictional  qualities. 

The  "S  Metal"  formula,  Items  3  and  4,  and  the  "Ex  B  Metal,"  Item 
6,  appear  substantially  in  the  specifications  and  recommendations  of  nu- 
merous engineers,  Item  8  repeats  the  Dudley  formula,  Item  6,  in  slightly 
different  form  and  Items  9  to  23  inclusive  are  the  "S  Metal"  formula 
with  variations. 

In  Items  13  and  14  the  elastic  limit  in  compression  27,000  lbs.,  is  too 
high  to  be  attained  with  this  composition,  and  the  compression  1/16-in. 
under  100,000  lbs.,  is  to  small  for  this  soft  metal.  Mr.  Moore  qualifies 
his  recommendation  in  a  way  which  subordinates  the  chemical  composition 
to  the  physical  requirements.  An  elastic  limit  in  compression  of  from 
15,000  to  20,000  lbs.,  and  a  permanent  set  of  0.25-inch  maximum  under 
100,000  lbs.,  on  a  one-inch  cube  seem  to  be  consistent  requirements  with 
this  composition. 

The  necessity  for  a  harder  bearing  metal  for  heavy  pressures  has 
developed  a  series  of  formulas  containing  upwards  of  20  per  cent,  tin  and 
no  lead.  The  metal  produced  has  an  elastic  limit  in  compression  of  from 
24,000  to  40,000  lbs.,  and  the  permanent  set  is  from  1/16-inch  to  1/10-inch. 
Items  24  to  32  inclusive  and  56  illustrate  this  class.  The  most  prominent 
advocate  is  Mr.  C.  C.  Schneider. 
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A  considerable  number  of  Engineers  believe  in  specifying  the  physical 
properties  only  and  leave  the  chemical  composition  to  the  maker.  Others 
modify  this  course  by  stipulating  certain  control  over  the  formula  but 
making  the  physical  requirements  the  criterion  for  acceptance.  Items  33  to 
48  inclusive  and  53  illustrate  this  kind  of  specifications  and  give  some 
results  of  experience  with  turntable  discs  secured  under  them. 

The  third  class  of  bronze,  that  requiring  high  tensile  strength,  is  best 
secured  by  the  introduction  of  from  one  to  two  per  cent,  of  zinc.  This 
constitutes  gun-metal  and  examples  are  given  in  Items  49  to  58  inclusive, 
except  53.  For  this  purpose  the  ultimate  tensile  strength  and  percentage 
of  elongation  seem  to  be  more  proper  physical  requirements  than  the 
compression  characteristics. 

Items  59  to  62  inclusive  give  instructive  failures  of  discs  both  too 
brittle  and  too  soft.  Item  61  is  especially  interesting  as  illustrating  the 
failure  of  a  local  man's  experiment  in  replacing  a  bronze  disc  by  a  steel 
one  to  turn  between  steel  discs. 

There  are  two  ways  of  introducing  the  phosphorus  into  the  copper- 
tin  alloy :  first,  by  adding  it  direct  to  the  molten  metal ;  second,  by  the 
use  of  phosphor-tin  for  a  part  of  the  tin  content.  The  first  method  is 
dangerous  and  results  in  the  loss  of  a  considerable  part  of  the  phos- 
phorus. The  second  method  gives  better  results  and  probably  makes  for 
more  uniform  crystallization  of  the  tin  by  the  phosphorus.  Mr.  Schnei- 
der's formula  emphasizes  this  method.  In  the  table  those  formulas  which 
contain  phosphor-tin  have  the  total  tin  content  given  in  the  tin  column, 
the  amount  of  phosphor-tin  being  given  in  addition.  This  permits  of  a 
more  ready  comparison. 

The  so-called  Manganese  Bronze,  Items  38  and  64.  being  primarily  a 
copper-zinc  alloy,  is  not  bronze  but  brass.  The  same  is  true  of  Tensilite 
Bronze,  Item  58.  These  alloys  are  designed  for  tensile  strength  and  not 
for  bearing  metals,  although  they  are  so  used..  Manganese  bronze  is 
considered  unsuitable  for  high  pressure  bearing  purposes  because  of  its 
fibrous  structure. 

The  historical  information  given  in  this  report  is  taken  largely  from 
a  paper  by  G.  H.  Clamer  in  Proceedings  of  the  American  Society  for 
Testing  Materials,  Vol.  VII,  1907.  The  information  on  turntable  discs  is 
furnished  by  Mr.  Carpenter  and  that  on  transfer  bridges  by  Mr.  Welty. 
both  of  the  New  York  Central  Railroad.  Credit  is  given  also  to  the 
studies  of  Mr.  Clement  E.  Chase,  Chief  Inspector  for  Modjeski  &  Angier, 
Pittsburgh,  Pa. 

SPECIFICATIONS     FOR     BRONZE     BEARING     METALS     FOR 
TURNTABLES   AND  MOVABLE  RAILROAD   BRIDGES. 

1.  Phosphor  bronze  shall  be  a  homogeneous  alloy  of  copper  and  tin 
of  crystalline  structure.  It  shall  be  made  from  new  metals,  except  that 
scrap  of  known  composition  produced  by  the  foundry  at  which  the 
bronze  is  cast  may  be  used.     It  shall  not   contain  sulphur.     The  phos- 
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phorus  shall  be  introduced  in  the  form  of  phosphor-tin  or  phosphor- 
copper.  Castings  shall  be  sound,  clean  and  free  from  blowholes,  porous 
places,  cracks  and  other  defects. 

2.  The  alloy  shall  be  cast  into  ingots  and  allowed  to  cool,  and  the 
castings  shall  be  poured  from  the  remelted  ingots.  Care  shall  be  exer- 
cised that  the  metal  is  not  overheated  and  that  the  temperature  at  pour- 
ing and  the  conditions  of  cooling  are  such  as  will  be  most  likely  to  se- 
cure dense  castings. 

3.  There  shall  be  four  grades : 

Grade  A  is  to  be  used  for  contact  with  hardened  steel  discs  under 
pressures  exceeding  1500  lbs.  per  square  inch,  such  as  are  used  in  turn- 
tables and  centerbearing  swing  bridges.     " 

Grade  B  is  to  be  used  for  contact  with  soft  steel  at  low  speeds  un- 
der pressures  not  exceeding  T500  lbs.  per  square  inch,  such  as  trunnions 
and  journals  o>f  bascule  and  lift  bridges. 

Grade  C  is  to  be  used  for  ordinary  machinery  bearings. 

Grade  D  is  to  be  used  for  gears,  worm  wheels,  nuts  and  similar  parts 
which  are  subjected  to  other  than  compressive  stresses. 

4.  The  chemical  and  physical  qualities  shall  conform  with  rhe  re- 
quirements in  the   following  table : 

GRADE 


Copper  per  cent 

Tin  per  cent 

Lead  per  cent 

Zinc  per  cent 

Phosphorus  per  cent 

Other  elements  per  cent 

Elastic    limit    in    compression,  pounds    per 
square  in  )h 

Permanent  set  under  100,000  lbs 

Yield  point  in  tension,  pounds  per  square  inch 

Ultimate   strength   in    tension,    pounds  per 
square  inch 

Elongation  in  2  inches  per  cent 


80  about 
20  about 


1.0  max. 


25,000  min. 
40,000  max. 


.00  min. 
.10  max. 


85  about 
15  about 


1.0  max. 

0.5  max. 

19,000  min. 
23,000  max. 

0.12  min. 
0.25  max. 


80  about 
10  about 
10  about 

1.0  max. 
0.7  min. 

0.5  max. 

15,000  min. 
20,000  max. 


88  about 
10  about 

2  about 
0.25  max. 

0.5  max. 

14,000  min. 


To  be 
Recorded 


33,000 
14 


5.  The  chemical  analysis  of  each  heat  shall  be  furnished. 

6.  Test  specimens  shall  be  made  from  coupons  which  are  a  part  of 
the  casting,  and  which  have  been  fed  and  cooled  under  the  same  condi- 
tions as  the  casting. 

7.  Compression  test  specimens  shall  be  cylinders  1  inch  high  and 
of  1  square  inch  area.  The  elastic  limit  in  compression  shall  be  the  load 
which  gives  a  permanent  set  of  0.001  inch. 

8.  Tension  test  specimens  shall  be  turned  from  a  coupon  not  less 
than  1  inch  in  diameter  to  the  form  shown  in  Fig.  2  of  the  American 
Railway  Engineering  Association  General  Specifications  for  Steel  Rail- 
way Bridges.     The  diameter  of  the  turned  specimen  shall  be  J/2-inch. 
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9.  At  least  one  compression  test  shall  be  made  from  each  melt  for 
Grades  A,  B  and  C;  and  one  compression  and  one  tension  test  for  Grade 
D.  For  castings  weighing  over  100  lbs.,  finished,  the  prescribed  tests 
shall  be  made  for  each  casting. 

10.  The  hardness  of  the  finished  castings  shall  be  tested  by  the 
Brinell  ball  method  and  a  record  of  the  test  furnished.  The  ball  shall 
be  of  hardened  steel  10  mm.  in  diameter.  The  load  shall  be  500  kg.  and 
shall  be  applied  for  30  seconds  to  a  finished  plane  surface.  At  least  two 
hardness  tests  shall  be  made  upon  each  heat.  A  test  shall  be  made  on 
each  trunnion  bearing  and  each  disc. 

BIBLIOGRAPHY  OF  HARDNESS  TESTING. 
By  O.  E.  Hovev. 
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"Hardness  Testing  and  Resistance  to  Mechanical  Wear."  by  E.  H. 
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PARTICULAR  USES  OF  BRONZE  IN  MOVABLE  BRIDGES. 

By  Clement  E.  Chase. 

For  each  cf  the  several  distinct  uses  of  bronze  in  bridge  work,  there 
is    doubtless    one    composition    that    best    combines    entirely    satisfactory 
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quality  with  minimum  cost,  but  conditions  vary  so,  and  scientific  research 
into  the  matter  is  so  meager,  that  it  is  hardly  possible  to  do  more  than 
indicate  the  desirable  qualities  and  name  some  compositions  which 
have  proved  satisfactory  in  service.  Further,  most  of  these  uses  of 
bronze  are  not  really  severe  tests  of  bearing  metals,  in  that  the  loads 
usually  are  determined  by  other  considerations  than  the  strength  of  the 
metal,  and  that  the  bearings  are  not  used  constantly  enough  in  motion  to 
make  endurance  to  wear  or  heating  difficult  problems. 

Of  the  desirable  qualities,  it  is  first  important  that  the  friction  be  as 
little  as  possible.  Theoretically,  the  harder  the  bearing  metal  the  better 
as  to  friction,  and  consequently  heating  will  be  reduced.  However,  this 
presupposes  perfect  adjustment  between  bearings  and  the  rotating  parts, 
as  otherwise  there  will  be  excessive  wear  and  heating  at  the  points  of 
contact.  From  this  has  come  the  conception  of  the  ideal  bearing  metal 
as  one  containing  a  hard  constituent  to  support  the  load  and  a  soft  con- 
stituent to  act  as  a  plastic  support  for  the  harder  grains.  In  this  case 
the  yielding  of  the  soft  constituent  will  remedy  the  irregularities  of 
bearing. 

For  some  uses  the  resistance  to  wear  may  decide  between  the  vari- 
ous bronzes.  Tests  in  the  laboratory  and  in  actual  practice  have  shown 
that  the  softer  bronzes  wear  less  and  that  the  bronzes  with  lead  content 
are  superior  in  this  regard  to  those  without,  and  that  this  advantage  in- 
creases with  the  proportion  of  lead. 

A  certain  amount  of  strength  in  compression,  to  resist  pressure  with- 
out flowing,  is  required.  Computed  unit  stresses,  however,  usually  are 
low,  as  they  commonly  are  fixed  in  the  case  of  trunnions  or  journal  bear- 
ings by  the  amount  that  will  allow  the  maintenance  of  an  oil  film  be- 
tween rotating  part  and  bearing. 

When  used  in  gears  or  worms,  the  strength  to  resist  tension  is  an 
important  quality. 

The  hardness  of  the  bearing  must  be  regulated  to  that  of  the  rotating 
parts,  lest  the  latter  suffer  from  abrasion. 

The  bronze  should  be  as  free  from  brittleness  as  compatible  with  its 
other  qualities,  as  it  may  be  exposed  to  shock  both  before  and  after  be- 
ing placed  in  use.  It  is  a  common  experience  for  a  bronze  bushing  made 
to  meet  the  requirement  of  24,000  or  27,000  lbs.  minimum  elastic  limit  to 
crack  in  machining  or  handling.  There  is  also  the  risk  of  this  happen- 
ing after  the  bearing  is  in  use.  C.  H.  Mercer,  Chief  Engineer  of  the 
Pennsylvania  Steel  Company,  writes :  "We  have  had  no  reports  of 
breakage  due  to  material  being  too  soft,  but  have  had  one  report  of  the 
bearing  breaking  on  account  of  being  too  hard.  A  sample  was  taken 
from  the  broken  piece  and  it  developed  21  per  cent,  tin." 

Uniformity  of  structure  and  freedom  from  oxides  are  necessary 
features  of  good  bronzes. 

Fineness  of  microstructure  is  important  in  that  this  is  found  to  ac- 
company high  physical  properties  and  will  have  an  important  effect  on 
the  wear  of   both  the  bearing   and   the   rotating  part.     Considering   the 
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agency  of  wear  as  the  dislodging  of  the  hard  particles  from  the  soft 
matrix,  it  is  seen  to  be  an  advantage  that  these  particles  be  as  small  as 
possible.  Some  day,  it  is  hoped,  microscopic  examination  for  structure 
may  be  required  for  important  bearings. 

These  are  the  four  following  distinct  classes  of  duty  for  bronze  in 
connection  with  movable  bridges : 

i.  For  center-bearing  discs  of  drawspans,  working  between  surfaces 
of  hardened  steel  at  low  speed  and  under  heavy  pressures  of  from  3000 
to  3500  lbs.  per  sq.  in.  When  used  in  this  way  there  is  a  chance  of  poor 
lubrication  due  to  the  oil  film  being  squeezed  out  during  the  periods  of 
rest.  To  reduce  the  friction  of  turning  and  meet  the  unit  pressures,  a 
hard  bronze  is  necessary.  Wear  will  not  be  an  item  of  importance,  as 
the  number  of  revolutions  during  the  lifetime  of  a  bridge  would  never 
cause  appreciable  wear.  Centerbearing  discs  are  commonly  used  against 
hardened,  or  at  least  high  carbon,  steel  surfaces,  so  that  the  hardness  of 
the  bronze  usually  need  not  be  limited  by  fear  of  abrasion.  The  lentic- 
ular shape  of  the  discs  and  the  manner  in  which  the  load  is  applied  make 
the  risk  from  brittleness  a  minimum.  The  use  of  phosphorus  in  the 
bronze  will  aid  in  securing  both  hardness  and   freedom  from  oxides. 

An  extremely  hard  bronze  usually  is  specified,  the  requirement  for 
elastic  limit  in  compression  being  a  minimum  of  24,000  or  27,000  lbs. 
per  sq.  in.,  with  a  set  under  100,000  lbs.  per  sq.  in.  of  not  over  1-10-inch. 
Tool  steel  bearing  surfaces,  often  oil-hardened,  are  commonly  used  with 
this  bronze.  The  foundry  must  make  a  bronze  with  tin  content  about 
20  per  cent,  and  phosphorus  0.8  to  T.2  per  cent,  to  meet  this  specification 
which  places  no  limit  on  hardness.  The  result  is  an  extremely  brittle 
material  that,  the  bridge  shops  have  learned,  must  be  handled  with  every 
precaution.  Test  results  on  bronze  made  to  this  specification  frequently 
show  elastic  limits  of  from  30,000  to  40,000  lbs.  per  sq.  in.  in  compression. 
The  bearing  surfaces  are  very  apt  to  warp  slightly  in  hardening  after  be- 
ing machined  and  it  then  becomes  a  very  difficult  matter  to  secure  uni- 
form bearing  on  the  disc.  The  writer  believes  that  a  somewhat  softer 
bronze,  with  tin  content  about  16  to  18  per  cent,  (elastic  limit  about  20,- 
000  or  24,000  lbs.  per  sq.  in.)  working  between  high  carbon  (not  hard- 
ened) steel  bearing  surfaces  would  be  found  equally  satisfactory  in  serv- 
ice. For  working  in  the  shop  it  would  be  greatly  superior  to  the  harder 
metal,  and  a  uniform  bearing  would  be  comparatively  easy  to  obtain. 

2.  For  trunnion  bearings  carrying  medium  or  structural  steel  trun- 
nions at  low  speed  under  moderate  computed  pressures,  usually  from  1500 
to  2000  lbs.  per  sq.  in.  These  unit  pressures,  computed  on  the  projected 
area  of  the  trunnion,  are  limited  to  these  amounts  by  considerations  of 
lubrication.  A  hard  bronze  is  desirable  for  two  reasons :  First,  during 
periods  of  rest  the  oil  film  may  well  be  squeezed  out  and  then  a  hard 
bronze  is  advantageous,  as  friction  will  be  less  and  the  chance  of  gripping 
of  the  trunnion  less.  Friction  is  important,  as  the  power  consumed  in 
opening  and  shutting  the  bridge  will  depend  largely  on  it.  Second,  it  is 
entirely  probable  that  the  actual  unit  pressures  in  the  surface  of  contact 
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between  trunnion  and  bearing  are  for  a  long  time,  possibly  always,  con- 
siderably in  excess  of  those  computed.  Wear  is  not  important  in  this 
case.  Trunnions  are  commonly  of  structural  grade  steel  and  B.  R.  Leffler 
refers  to  two  cases  in  which  shafts,  where  a  very  hard  bronze  was  used, 
became  abraded.  The  possibility  of  uneveness  of  the  support  of  the 
bushing,  its  comparative  thinness  and  the  chance  of  shock  make  the  ques- 
tion of  brittleness  rather  important.  The  breakages  in  handling  in  the 
shop,  and  during  and  after  erection,  usually  have  occurred  in  bronzes  of 
this  type  when  made  of  hard   (20  per  cent,  tin)  bronze. 

While  phosphor  bronzes  of  the  hard  type  (copper  80-82  per  cent.,  tin 
20-18  per  cent.)  have  been  used  frequently  in  trunnion  bearings,  as  also 
has  been  the  standard  lead  bronze  (copper  80,  tin  10,  lead  10  per  cent.), 
the  medium  bronze  recommended  by  Mercer  and  incorporated  in  Leffler's 
specifications,  seems  for  many  reasons  best.  The  physical  qualities  can 
be  met  with  a  bronze  of  about  14  per  cent,  tin  content. 

3.  For  shaft  bearings  working  under  light  loads  at  high  speeds.  In 
this  case  wear  is  a  matter  of  first  importance,  as  it  usually  is  a  matter 
of  great  difficulty  and  expense  to  replace  the  bushings  of  an  important 
bearing  in  the  machinery  of  a  movable  bridge.  This  makes  a  fairly  soft 
lead  bronze  desirable.  Lubrication  usually  can  be  counted  on  to  be  con- 
tinuous, and  the  pressures  hardly  are  great  enough  to  make  it  likely  that 
the  shaft  would  be  gripped  even  if  the  bearing  ran  dry  for  a  short  time. 
The  tin  content  should  be  comparatively  low,  because  it  then  is  easier  to 
have  the  lead  uniformly  distributed  throughout  the  casting.  For  uni- 
formity and  freedom  from  oxides  which  may  cause  heating,  phosphor 
bronze  should  be  used. 

The  "standard"  lead  phosphor  bronze  (copper  80,  tin  10,  lead  10  per 
cent.)  is  used  commonly  and  probably  is  as  well  adapted  as  any  other  to 
the  purpose.  Specifications  should  not  call  for  physical  properties  in- 
compatible with  these  proportions. 

4.  For  gears  and  worms,  requiring  resistance  to  both  tension  and 
wear.  The  composition  must  be  hard  so  as  not  to  flow,  but  not  so  hard 
that  the  pinion  or  gear  that  is  engaged  will  become  abraded,  nor  brittle, 
as  shock  is  very  likely  to  occur.  High  tensile  strength,  ductility  and 
denseness  are  prime  requisites. 

A  lead  bronze  is  unsuitable,  being  too  soft  and  uncertain  in  tension. 
Probably  there  is  nothing  better  for  this  use,  where  its  strength  is  suffi- 
cient, than  the  venerable  gun  metal  formula,  copper  88,  tin  10,  zinc  2  per 
cent.  This  is  familiar  to  most  foundries,  and  splendid  sound  castings 
can  be  obtained.  Phosphorus  does  not  seem  necessary  with  the  zinc 
present,  and  some  authorities  assert  that  the  bronze  is  injured  by  the 
presence  of  both. 


Appendix    D. 

RELATIVE    ECONOMY    OF    VARIOUS    TYPES    OF    MOVABLE 

BRIDGES. 

REPORT   OF    SUB-COMMITTEE   D. 

The  Committee  has  tabulated  the  weights  of  20  bridges.  All  of 
these  except  one  are  movable  in  a  vertical  plane.  The  other  is  a  hori- 
zontal rotating  structure.  The  bridges  movable  in  a  vertical  plane  range 
in  span  from  40  to  235  feet.  Seven  of  the  bridges  are  of  the  direct  ver- 
tical lift  type. 

Interesting  progress  is  being  made  and  it  is  expected  that  the  work 
of  the  coming  year  will  furnish  valuable  data  for  the  subsequent  report. 
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A  STUDY  OF  WORKING  STRESSES  FOR  BRIDGE 
STRUCTURES. 

By  a  Sub-Committee  of  the  Committee  on  Iron  and  Steel  Structures. 

INTRODUCTION. 

In  1907  the  subject  of  impact  was  taken  up  by  the  Committee  on  Iron 
and  Steel  Structures  as  a  special  subject  for  investigation,  and  a  Sub- 
Committee  was  appointed  to  carry  on  experimental  work.  Field  work 
was  undertaken  to  a  small  extent  in  the  summer  of  1007,  and  quite  ex- 
tensively in  the  summer  of  1908.  The  results  of  this  experimental  work 
were  presented,  together  with  a  general  discussion  of  the  subject,  in 
Bulletin  125,  of  this  Association,  dated  July,  1910.  These  results  indicated 
that  the  impact  formula  now  in  use  does  not  represent  very  exactly  the 
actual  impact  as  determined  by  observation.  However,  before  any  recom- 
mendation should  be  made  leading  to  a  modification  of  the  present  formula, 
it  was  thought  desirable  to  investigate  also  the  question  of  secondary 
stresses.  The  same  Sub-Committee  was  therefore  asked  to  make  a 
study  of  this  subject.  Pursuant  to  this  action,  the  Sub-Committee  con- 
ducted a  considerable  amount  of  experimental  work  in  the  field,  and 
presented  the  subject  from  the  theoretical  side.  The  results  of  this  work 
were  published  in  Bulletin   163,   1914. 

Having  thus  treated  at  some  length  the  two  fundamental  problems 
involved,  it  seems  that  the  time  has  come  to  make  some  effort  to  apply 
the  results  obtained  to  the  problem  of  working  stresses,  particularly  with 
respect  to  how  these  may  be  modified  by  the  accumulated  information 
pertaining  to  impact  and  secondary  stresses. 

The   question    of   a   safe    and   economical    working   stress  .is    a    very 
complex    one,    and   any   modification    of    the   present   practice   should    be 
made   only  after  the  most   careful   consideration.     Because   of   this    fact 
and   the   great   importance    of   the    subject,   the    Sub-Committee    has    not 
felt   prepared   to   make   any    definite   recommendations   at   this   time,   but 
presents  herewith  the  results  of  a  careful  study  of  the  subject.     Various 
suggested  modifications  of  the  present  units  and  formulas  are  presented 
with   the   view   to   obtaining    further    suggestions    and   criticism.     Before 
taking  up  the  question  of  working  stresses,  a  resume  will  be  given  of  the 
results  of  the  Committee's  work  on  impact  and   secondary  stresses,   to- 
gether  with   certain   conclusions    relative   thereto.     The   material   of   this 
paper  will,   therefore,  be  divided  into  three  parts,  as  follows : 
I.     Impact; 
II.     Secondary  Stresses; 
III-.     Working   Stresses. 
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I.    IMPACT. 

TESTS    BY    THE    AMERICAN    RAILWAY     ENGINEERING    ASSOCIATION     COMMITTEE. 

The  most  extensive  series  of  experiments  on  Impact,  which  have 
ever  been  made,  are  those  conducted  by  this  Committee,  and  reported 
on  at  length  in  Bulletin  125,  July,  1910.  These  experiments  include  tests 
on  about  fifty  girder  and  truss  bridges,  of  span  lengths  from  25  feet 
to  550  feet.  These  tests  were  made  by  means  of  special  test  trains, 
which  were  run  over  the  structures  a  large  number  of  times  at  various 
speeds,  from  a  low  speed  of  ten  to  fifteen  miles  per  hour  to  as  high 
a  speed  as  practicable.  In  this  way  the  most  unfavorable  speed  for  the 
structure  in  question  was  determined  and  conditions  secured  resulting 
in  a  maximum  value  for  the  impact  effect.  In  many  cases  the  results 
were  undoubtedly  considerably  greater  than  would  occur  under  traffic. 
On  this  account  it  is  believed  that  the  results  given  herein  and  used 
as  a  basis  for  a  proposed  impact  formula  represent  maximum  and  not 
average  conditions. 

The  most  important  conclusions  expressed  in  Bulletin  125  are  here 
repeated : 

(1)  With  track  in  good  condition  the  chief  cause  of  impact  was 
found  to  be  the  unbalanced  drivers  of  the  locomotive.  Such  inequali- 
ties of  track  as  existed  on  the  structures  tested  were  of  little  influence 
on  impact  on  girder  flanges  and  main  truss  members  of  spans  exceeding 
60    to    75    feet    in    length. 

(2)  When  the  rate  of  rotation  of  the  locomotive  drivers  corre- 
sponds to  the  rate  of  vibration  of  the  loaded  structure,  cumulative  vibra- 
tion is  caused,  which  is  the  principal  factor  in  producing  impact  in  long 
spans.  The  speed  of  the  train  which  produces  this  cumulative  vibration  is 
called  the  "critical  speed."  A  speed  in  excess  of  the  critical  sp*eed,  as 
well  as  a  speed  below  the  critical  speed,  will  cause  vibrations  of  less 
amplitude  than  those  caused  at  or  near  the  critical  speed. 

(3)  The  longer  the  span  length  the  slower  is  the  critical  speed, 
and  therefore  the  maximum  impact  on  long  spans  will  occur  at  slower 
speeds  than  on  short  spans. 

(4)  For  short  spans,  such  that  the  critical  speed  is  not  reached 
by  tbe  moving  train,  the  impact  percentage  tends  to  be  constant  so  far 
as  the  effect  of  the  counterbalance  is  concerned,  but  the  effect  of  rough 
track  and  wheels  becomes  of  greater  importance  for  such  spans. 

(5)  The  impact  as  determined  by  extensometer  measurements  on 
flanges  and  chord  members  of  trusses  is  somewhat  greater  than  the  per- 
centages determined  from  measurements  of  deflection,  but  both  values 
follow  the  same  general  law. 

(6)  On  account  of  the  influence  of  the  "critical  speed,"  the  maxi- 
mum impact  on  web  members  (excepting  hip  verticals)  occurs  under  the 
same  conditions  which  cause  maximum  impact  on  chord  members,  and 
the  percentages  of  impact  for  the  two  classes  of  members  are  practically 
the  same. 

(7)  The  impact  on  stringers  is  about  the  same  as  on  plate  girder 
spans  of  the  same  length  and  the  impact  on  floor  beams  and  hip  ver- 
ticals is  about  the  same  as  on  plate  girders  of  a  span  length  equal  to 
two  panels. 

(8)  The  effect  of  differences  of  design  was  most  noticeable  with 
respect  to  differences  in  the  bridge  floors.  An  elastic  floor,  such  as  fur- 
nished by  long  ties  supported  on  widely  spaced  stringers,  or  a  ballasted 
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floor,  gave  smoother  curves  than  were  obtained  with  more  rigid  floors. 
The  results  clearly  indicated  a  cushioning  effect  with  respect  to  impact  due 
to  open  joints,  rough  wheels  and  similar  causes.  This  cushioning  effect 
was  noticed  on  stringers,  floor  beams,  hip  verticals  and  short-span 
girders. 

(9)  The  effect  of  design  upon  impact  percentage  for  main  truss 
members  was  not  sufficiently  marked  to  enable  conclusions  to  be  drawn. 
The  impact  percentage  here  considered  refers  to  variations  in  the  axial 
stresses  in  the  members  and  does  not  relate  to  vibrations  of  members 
themselves. 

(10)  The  impact  due  to  the  rapid  application  of  a  load,  assuming 
smooth  track  and  balanced  loads,  is  found  to  be,  from  both  theoretical 
and  experimental  grounds,  of  no  practical  importance. 

(n)  The  impact  caused  by  balanced  compound  and  electric  loco- 
motives was  very  small  and  the  vibrations  caused  under  the  loads  were 
not  cumulative. 

(12)  The  effect  of  rough  and  flat  wheels  was  distinctly  noticeable 
on  floor  beams,  but  not  on  truss  members.  Large  impact  was,  however, 
caused  in  several  cases  by  heavily  loaded  freight  cars  moving  at  high 
speeds. 

The  important  results  are  herewith  given  in  Figs.  1  and  2.  Fig.  1 
is  taken  from  Plate  5  of  Bulletin  125  and  shows  the  maximum  impact 
percentages  as  determined  by  deflection  measurements  for  the  various 
spans  tested.  Fig.  2  is  from  Plate  9  and  shows  maximum  results  ob- 
tained from  extensometer  measurements  on  chords,  girder  flanges  and 
end  posts.  The  results  obtained  by  the  American  Railway  Engineering 
Association   Committee   are   represented  on  this  diagram  by  open  circles. 

It  is  to  be  noted  that  both  these  diagrams  show  not  average  but 
maximum  values  for  each  of  the  structures  tested. 

An  important  result  noted  under  (2)  above  is  the  fact  that  for  spans 
exceeding  about  75  feet  in  length  there  is  a  critical  speed  of  locomotive, 
which,  on  account  of  cumulative  effect,  produces  the  maximum  impact. 
These  critical  speeds  are  approximately  indicated  in  Fig.  1.  They  are, 
of  course,  dependent  upon  diameter  of  locomotive  driver  as  well  as 
upon  weight  and  span  length  of  bridge. 

OTHER    EXPERIMENTS    ON     IMPACT. 

Brief  descriptions  of  other  experiments  are  given  in  Bulletin  125. 
Many  of  these  are  foreign  experiments,  which  can  hardly  be  applied  to 
American  conditions  on  account  of  the  very  great  differences  in  loco- 
motive design.  In  one  of  the  most  important  of  the  foreign  papers  referred 
to,  it  is  stated,  for  example,  that  there  is  no  danger  of  cumulative  vibrations 
in  railroad  bridges.  This  is  entirely  contrary  to  the  experience  of  this 
Committee,  and  is  doubtless  based  on  tests  with  balanced  locomotives. 

The  most  useful  experiments  of  those  mentioned,  for  purposes  of  the 
Committee,  are  those  conducted  by  Mr.  J.  E.  Greiner,  and  reported  in 
Vol.  6,  1905,  of  the  Proceedings  of  the  American  Railway  Engineering 
Association,  and  those  by  Mr.  F.  E.  Turneaure,  reported  in  Trans- 
actions American  Society  of  Civil  Engineers,  Vol.  41,  1899,  page  410. 
In  the  former  case  the  records  were  destroyed  in  the  Baltimore  fire 
and   detailed   results   have  never  been    published.      The    results   given    in 
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the  Proceedings  are  the  minimum  and  maximum  results  observed  at 
fast  speeds  on  six  girder  and  truss  bridges  from  31  ft.  6  in.  span  to 
207- ft.  span.  In  the  latter  case  tests  were  reported  on  12  girder  and  11 
truss  spans  varying  from  25-  to  200-ft.  span  length. 

The    maximum    results    obtained    in    these    two    series    of    tests    are 
brought   together    in    Fig.   2,    as   indicated    thereon. 


TV)        xx>        sw 
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THEORETICAL    ANALYSES. 

Considerable  attention  has  been  given  by  various  writers  to  theo- 
retical analyses  of  this  subject.  Such  analyses  have  covered,  generally, 
only  two  elements  of  the  problem : 

(1)  The  theoretical  impact  effect  of  a  rapidly  moving  load  cross- 
ing a  span  which  deflects  under  the  load  and  thereby  forces  the  load 
to  travel  in  a  curved  path,  concave  upwards.  Such  a  load  will  exert 
a  certain  amount  of  centrifugal  force  upon  the  structure.  This  effect 
may  be  called  the  effect  of  speed  alone,  all  effect  of  counterweight,  etc., 
being  eliminated.  It  has  been  shown  that  this  part  of  the  impact  effect 
is  very  small  and  may  be  entirely  neglected  in  spans  exceeding  50  feet 
in  length.     If  properly  cambered,  this  effect  disappears  entirely. 

(2)  The  centrifugal  force  exerted  by  the  counterweights  of  the 
locomotive  at  high  speed.  This  can  be  calculated  and  will  give  results 
of  value  applicable  to  stringers  and  short-span  structures.  This  effect 
is  proportional  to  the  square  of  the  speed.  Some  attempt  has  been  made 
to  apply  results  of  such  calculations  to  long  spans.  This  is  very  diffi- 
cult or  impossible  to  accomplish.  It  has  been  clearly  shown  by  tests  that 
for  spans  exceeding  about  100  feet  in  length  the  cumulative  effect  of 
the  counterweight  force  is  the  important  thing.  About  the  only  result  ob- 
tainable by  applying  theory  to  this  condition  is  to  show  the  evident  possi- 
bility of  high  impact  results.     These  high  results  are  limited,  however,  in 
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a   very   great,  degree   by   the    fact   that    for   the   longer    spans,    the    speed 
which  favors  cumulative  effect  is  not  very  high. 

Under  these  circumstances  the  Committee  is  of  the  opinion  that 
very  little  aid  can  be  had  from  theory  and  that  results  of  experiments 
must  be  relied  upon.  This  is  particularly  true  with  respect  to  theories 
used  by  various  foreign  writers,  on  account  of  the  great  differences 
in   working  conditions. 

PROPOSED    IMPACT    FORMULA. 

100 

The  Committee  proposes  the  formula  I  = ,  where  I  =  im- 

l2 

i+ 

30000 
pact  percentage  and  1  =  span  length,  or  loaded  length  for  maximum  stress. 

So  far  as  the  observations  of  the  Committee  go,  the  maximum  impact 
percentage  on  all  web  members  (except  hangers)  is  about  the  same,  irre- 
spective of  position  in  the  truss.  The  reason  for  this  is  pointed  out  in 
paragraph  (6)  quoted  above.  However,  owing  to  the  influence  of  the 
dead-load  on  the  over-load  capacity  of  a  bridge,  as  discussed  in  Part  III, 
and  other  practical  considerations,  it  is  probably  desirable  to  use  for  all 
web  members  a  value  of  /  equal  to  the  loaded  length  for  maximum  stress. 
This  results  in  some  increase  in  the  size  of  the  web  members,  particularly 
near  the  center  of  the  span,  which,  on  the  whole,  is  a  desirable  condition. 
For  hangers  and  floor  members,  both  theory  and  observation  indicate  that 
/  should  be  taken  as  the  loaded  length. 

For  electric  locomotives  the  rotating  parts  are  well  balanced,  and  the 
experiments  of  the  Sub-Committee  indicate  that  the  impact  under  such 
loads  is  very  small.  In  fact,  what  little  impact  exists  would  be  caused 
by  such  features  as  poor  joints  and  other  irregularities  in  the  track  or  in 
the  locomotive  wheels.  The  impact  under  electric  locomotives  is  so  much 
smaller  than  that  under  the  ordinary  steam  locomotive  that  the  Com- 
mittee believes  that  where  structures  are  to  be  used  exclusively  under  elec- 
tric traction,  the  impact  to  be  assumed  should  be  very  considerably  less 
than  that  given  by  the  proposed  formula. 

The  proposed  formula  is  shown  in  Figs.  1  and  _\  It  will  be  seen  that 
the  curve  exceeds  somewhat  all  experimental  values  in  Fig.  1,  and  all  but 
four  values  in  Fig.  2.  The  only  value  in  Fig!  2  considerably  above  the 
curve  is  for  a  75-foot  span.  Considering  the  fact  all  but  a  few  of  the 
experimental  results  in  these  diagrams  are  maximum  values  and  the  fact 
that  the  curve  exceeds  practically  all  of  these  maximum  values,  it  is  be- 
lieved that  the  proposed  formula  gives  values  abundantly  high  to  represent 
maximum  impact  effect. 

On   Fig.   2   are   platted   two   other   curves,   namely,   the    formula   now 
300 

in  use,   I  = ,  and  the  formula  proposed  by  Mr.   H.   B.   Seaman.* 

1  +  300 
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It  seems  evident  that  the  present  formula  of  the  specifications  gives 
considerably  too  high  values  for  the  longer  spans.  It  should  be  said, 
however,  that  this  formula  was  originally  intended  to  cover,  not  only 
impact,  but  some  allowance  for  secondary  stresses.  Inasmuch  as  it  does 
not  appear  to  be  too  high  for  short  spans,  the  actual  allowance  for  sec- 
ondary stresses  obtained  by  its  use  is  variable.  It  would  seem  to  be 
more  rational  to  separate  these  two  elements  and  endeavor  to  provide 
in  the  impact  formula  a  proper  allowance  for  impact  only,  treating  sec- 
ondary stresses  as  a  separate  matter. 

The  form  of  proposed  impact  curve  may  be  objected  to  on  ac- 
count of  its  reversed  curvature.  There  is,  however,  a  good  theoretical 
foundation  for  this  form.  For  short  spans  the  impact  is  largely  a  func- 
tion of  speed,  and  tends  to  be  constant  for  spans  up  to  75  to  100  feet. 
For  long  spans,  where  cumulative  effect  enters,  the  impact  begins  to 
drop  off  according  to  a  law  approximately  inversely  proportional  to  the 
span  length. 

II.     SECONDARY  STRESSES. 

Before  making  use  of  results  of  impact  investigations  in  the  direc- 
tion of  a  modification  of  present  working  formulas,  it  appeared  to  be 
necessary  to  make  a  study  of  the  subject  of  secondary  stresses.  It  has 
generally  been  assumed  that  in  the  design  of  members  the  elastic  limit 
stress  should  not  be  exceeded,  and  a  good  part  of  the  margin  between 
the  allowable  working  stress  and  the  elastic  limit  of  the  material  has 
been  intended  to  cover  these  secondary  or  uncalculated  stresses.  As  a 
more  exact  knowledge  of  the  amount  of  impact  or  dynamic  effect  is  ob- 
tained, it  becomes  more  desirable  to  consider  closely  the  subject  of 
secondary  stresses.  It  was  with  this  condition  in  mind  that  the  Sub- 
Committee  was  requested  to  investigate  this  subject  and  report  thereon. 

In  accordance  with  these  instructions  the  Committee  made  a  consid- 
erable study  of  the  subject,  both  experimentally  and  theoretically,  and  re- 
ported at  some  length  in  Bulletin  163,  January,  1914.  The  more  im- 
portant results  of  this  study  on  secondary  stresses  are  here  summarized. 

PRINCIPAL   CLASSES    OF    SECONDARY    STRESSES. 

The  important  secondary  stresses  which  are  likely  to  arise  in  bridge 
design   may  be  classified   under  the   following  heads : 

(1)  Bending  stresses  in  the  plane  of  the  main  truss  due  to  rigidity 
of  joints. 

(2)  Bending  stresses  in  vertical  posts  or  members  of  a  transverse 
frame  due  to  the  deflection  of  floor  beams. 

(3)  Stresses  in  a  horizontal  plane  due  to  longitudinal  deformation 
of  chords,   especially  the   stresses  in  floor   beams  and  connections. 

(4)  Variation  of  axial  stress  in  different  elements  of  a  member. 

(5)  Stresses  due  to  vibration  of  individual  members. 
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(i)       STRESSES     IN    PLANE    OF    THE    TRUSS    DUE    TO    RIGIDITY    OF    JOINTS. 

Where  the  members  of  a  truss  are  rigidly  connected  by  means  of 
riveted  joints,  or  continuity  of  construction,  the  longitudinal  deforma- 
tions of  the  members  due  to  their  primary  stresses  cause  a  certain 
amount  of  bending  in  the  members,  giving  rise  to  bending  stresses  which 
have  a  maximum  value  at  or  near  the  joints.  These  bending  or  sec- 
ondary stresses  are  sometimes  of  large  amount  and  require  careful 
consideration.  It  is  generally  possible  and  sufficient  to  so  design  a 
structure  as  to  keep  these  stresses  within  reasonable  limits  and  then  to 
neglect  them  in  the  calculations,  but  in  many  special  cases  and  in  large 
and  important  structures  they  should  be  calculated. 

The  discussion  in  the  Bulletin  referred  to  included  certain  gen- 
eral principles  and  conclusions  which  are  of  assistance  in  determining 
upon  a  design  without  going  into  detailed  calculations.  The  most  im- 
portant of   these   general   principles   are    as    follows : 

(i)  The  secondary  stresses  are  in  general  proportional  to  the 
primary  stresses  and,  therefore,  are  conveniently  expressed  in  percent- 
ages of  primary  stresses. 

(2)  Other  things  being  equal,  or  similar,  the  percentages  of  sec- 
ondary stress  are  directly  proportional  to  the  widths  of  the  members 
in  the  plane  of  the  bending,  and  inversely  proportional  to  their  lengths. 
Thus,  if  two  trusses  are  compared  whose  general  dimensions  and  mo- 
ments of  inertia  of  members  are  proportional,  but  the  ratio  of  width 
to  length  of  the  various  members  of  one  truss  is  in  all  cases  twice  this 
ratio  in  the  other  truss,  then  the  percentages  of  secondary  stress  in  the 
first  truss  will  be  twice  the  percentages  in  the  second  truss. 

(3)  The  more  uniform  the  proportions  of  a  truss  the  less,  in  gen- 
eral, will  be  the  secondary  stresses.  Sudden  changes  in  length,  width, 
or  in  moment  of  inertia,  are  likely  to  result  in  relatively  large  secondary 
stresses. 

(4)  Trusses  consisting  of  approximately  equilateral  triangles,  and 
without  hangers  or  vertical  struts,  present  the  most  uniform  conditions 
and  will  have,  in  general,  the  lowest  secondary  stresses.  A  truss  com- 
posed of  right-angle  triangles  will  show  somewhat  higher  secondary 
stresses,  and  such  stresses  will  be  large  if  the  ratio  of  height  to  panel 
length   is   large. 

(5)  Wherever  hangers  or  vertical  struts  are  used  to  support  single- 
joint  loads,  as  in  a  Warren  truss  with  verticals,  or  in  a  Pratt  truss  (at 
the  hip  vertical,  or  at  the  center  vertical  in  the  case  of  a  deck  bridge), 
the  secondary  stresses  in  the  adjacent  chord  members  are  likely  to  be 
considerably  larger  than  elsewhere.  The  best  arrangement  so  far  as 
secondary  stresses  are  concerned  is  where  each  member  forms  an  integral 
part  of  the  entire  truss,  so  that  its  stress  will  gradually  change  as  the 
load  progresses. 

(6)  From  the  fact  that  secondary  stresses  are,  in  general,  propor- 
tional to  the  ratio  of  the  width  of  member  to  length,  it  follows  that  these 
stresses  in  the  loaded  chord  of  a  truss  with  sub-panels  are  likely  to  be 
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relatively  large  as  such  a  chord  will  be  relatively  deep,  and  the  distortion 
of   hanger  or   sub-strut   relatively  great. 

(7)  The  additional  secondary  stresses  due  to  eccentric  connections 
are  likely  to  be  large  at  the  joint  in  question,  but  this  effect  is  not  great 
in  surrounding  joints. 

SECONDARY    STRESSES    IN    TYPICAL    TRUSSES. 

From  results  of  calculations  of  typical  trusses  of  different  forms 
certain  general  conclusions  may  be  drawn  as  to  the  amount  of  secondary 
stresses  in  trusses  of  usual  forms  and  proportions. 

In  ordinary  single  intersection  Pratt  and  Warren  trusses  the  percentage 

width 

of   secondary   stress   is  approximately   equal   to  300  X  — for   tension 

length 
width 

members   and   200  X for    main   compression    members.      In    actual 

length 
percentage  these  stresses  will  ordinarily  run  from  15  per  cent,  for  top 
chords  in  ordinary  through  truss  spans  to  as  high  as  40  per  cent,  for 
bottom  chords  in  truss  spans  in  which  the  members  are  relatively  wide. 
The  maximum  stresses  are  likely  to  occur  in  the  end  panels,  especially  in 
the  lower  chord  and  end  post,  this  effect  being  due  to  the  elongation  of 
the  hip  vertical.  Generally  speaking,  the  percentage  of  the  secondary 
stress  in  ordinary  design  may  be  placed  at  from  20  to  35  per  cent,  in 
the    various    parts    of    the    truss. 

In  trusses  with  sub-divided  panels  the  percentage  in  the  lower  chord 
(assuming  a  through  bridge)  is  certain  to  be  higher  than  in  a  simple  Pratt 
design,    reaching,    ordinarily,    50    to    60    per    cent.,    and    equal    to    about 
width 

500  X •     These  high  values  are  due,  in  part,  to  the  very  short  panel 

length 
length  of  the  loaded  chord,  making  the  ratio  of  width  to  length  large, 
and  in  part  to  the  effect  of  the  suspenders.  The  top  chord  in  such 
trusses  will  show  only  the  usual  amount  of  secondary  stress  unless  sup- 
ported by  sub-struts,  which  will  tend  to  increase  such  stresses.  In  the 
case  of  trusses  with  very  short  panels,  the  calculated  secondary  stress 
may  reach  as  high  as  100  per  cent,  at  certain  joints  and  from  60  to  80 
per  cent,  in  most  panels  of  the  lower  chord. 

Figs.  3  and  4  illustrate  two  types  of  trusses  in  which  the  secondary 
stresses  are  very  different.  Fig.  3  shows  to  an  exaggerated  scale  the 
actual  movements  of  the  joints  of  a  sub-divided  truss  under  live-load. 
The  irregular  nature  of  the  deflections  explain  clearly  the  cause  of  high 
secondary  stresses  in  this  type  of  truss.  Fig.  4  gives  the  same  informa- 
tion concerning  a  so-called  "K"  type  of  truss,  in  which  the  secondary 
stresses  are  exceptionally  low.  Fig.  3  brings  out  quite  clearly  the  effect 
of  hangers  and  other  secondary  members. 

Double  intersection  trusses  are  almost  certain  to  show  very  high  sec- 
ondary stresses  in  the  chord  members  under  concentrated  loads,  due  to 
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the   independent    action    of   the   two   web   systems, 
true  for  spans  of  moderate  length. 


This    is   particularly 


TRESTLE    TOWERS    AND    LATERAL   BRACING   BETWEEN    CHORDS    OF    TRUSSES. 

Where  the  lateral  bracing  of  a  trestle  tower  or  the  laterals  between 
chords  of  a  truss  are  of  the  single  Warren  system,  or  the  double  system 
without  verticals,  the  vertical  distortion  of  the  tower  legs  or  the  longi- 
tudinal distortion  of  the  chords  due  to  the  direct  stress  load  will  give 
rise  to  a  lateral  bending  of  the  members  in  the  plane  of  the  lateral  sys- 
tem, thus  producing  considerable  secondary  stresses.  This  effect  can 
be  easily  avoided  by  the  use  of  transverse  ties  or  struts.  The  same 
principles  apply  to  very  large  columns  whose  segments  are  connected 
only  by  diagonal  lacing. 

(2)         BENDING     STRESSES     IN    VERTICAL    POSTS     DUE    TO    DEFLECTION    OF    FLOOR 

BEAMS. 

Where  floor  beams  are  rigidly  connected  to  vertical  posts,  as  in  the 
usual  modern  design,  the  deflection  of  the  floor  beams  produces  bending 
of  the  posts  in  a  transverse  plane,  with  corresponding  stresses.  This 
problem  can  readily  be  approximately  analyzed  as  shown  in  Bulletin  163. 
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Fig.  5. 

Referring   to   Fig.   5,   the   results   of   this   analysis   are   as   follows,   M 
b  ;ing  the  bending  moment  in  the  post  near  the  floor  beam : 
Case  1.     Top  Strut  Assumed  Hinged  at  A  and  B. 
3a  (b— a)  12 

M  =  P 

2  hit  +  3bi2 

Case  2.     Top  Strut  Assumed  Fixed  at  A  and  B. 
2a  (b — a)   12 

M  =  P 

hii-f  2bi3 
It  can  be  shown  that  under  the  above  assumptions,  and  for  the  usual 
spacing  of  track  stringers  in  single-track  bridges,  the  ratio  of  fiber  stress 
in  the  post  to  the  fiber  stress  at  the  center  of  the  beam  is  approximately 
as    follows : 


f. 


=  (0.7  to   1.0)  X 
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In  which  f  —  fiber  stress  in  post,  fb  =  fiber  stress  at  beam  center, 
cb  =  depth  of  beam  and  cp=  width  of  post  in  a  transverse  plane.  Thus 
the  ratio  of  post  stress  to  maximum  beam  stress  is  nearly  equal  to  the 
ratio  of  widths  of  members.  Where  knee  braces  are  used  at  the  top 
and  high  gusset  plate  connections  at  the  bottom  the  bending  effect  is 
increased,  as  the  equivalent  value  of  h  is  decreased  thereby. 

Results  of  observations  bear  out  these  theoretical  conclusions.  Bend- 
ing stresses  in  posts  have  been  observed  as  high  as  40  per  cent,  of  the 
floor  beam  stress,  and  invariably  the  observations  have  shown  quite 
large  values.  In  the  case  of  compression  verticals  in  Pratt  trusses,  the 
maximum  bending  stresses  do  not  occur  simultaneously  with  the  maximum 
primary  stresses ;  however,  an  increase  of  20  to  25  per  cent,  in  the 
maximum  primary  stress  may  be  expected  from  this  cause.  In  the  case 
of  tension  verticals,  such  as  hip  verticals,  the  maximum  bending  stress 
occurs  simultaneously  with  the  maximum  primary  stress,  thus  increasing 
very  greatly  the  maximum  fiber  stress  in  the  member. 

(3)        STRESSES    IN    FLOOR   BEAMS   DUE   TO   LONGITUDINAL   DEFORMATION    OF 

CHORDS. 

Here,  again,  an  approximate  analysis  can  be  made  under  certain 
assumptions.  If  there  are  no  expansion  joints  in  the  stringers  the  center 
beam  will  tend  to  stand  fast  and  the  other  beams   will  bend  towards  the 
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Fig.  6. 


center,  the  maximum  deflection  taking  place  in  the  end  beams.  If  it  is 
assumed  that  the  stringers  do  not  elongate  and  that  the  connections  are 
unyielding,  the  following  analysis  results  (Fig.  6)  :  CD  is  the  first  beam 
from  the  center.     Then 

3cd 

f  = Xs 

a  (3b— 4a) 
in  which   f  =  fiber  stress   in  beam   due  to   horizontal   bending,   c  =  flange 
width,  s=   unit  stress  in  chords. 

Assuming,  for  example,  d  =  300  in.,  c  =  i2  in.,  b  =  192  in.,  and  a  = 
b/4,  we  find  that  f  =  .58s.    For  the  second  beam  f=i.i6s,  etc. 

Actual  strain  measurements  on  floor  beams  show  the  presence  of  large 
bending  stresses  therein;  in  fact,  stresses  approaching  the  large  values 
resulting  from  the  above  theoretical  analysis.  Such  results  are  given  in 
Bulletin  163.  It  is  sufficient  here  only  to  point  out  the  very  high  values 
of  these  stresses. 
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In  some  designs  an  attempt  is  made  to  resist  the  bending  by  horizontal 
trusses  at  the  ends  of  the  span.  Such  a  plan  would  appear  to  be  unwise. 
The  elongation  of  the  chords  cannot  be  prevented  and  the  beams  can 
only  be  held  in  line  by  forcing  the  stringers  or  their  connections  to  dis- 
tort an  equal  amount.  Any  attempt  to  do  this  results  in  heavy  stresses 
on  rivets  and  connections  with  little  benefit.  Excessive  stresses  can  only 
be  prevented  by  the  use  of  expansion  joints  in  stringer  connections  in 
long  span  bridges  and  by  using  a  wide  gage  for  the  outstanding  leg  of 
the  angle  connecting  the  stringer  to  the  floor  beam  for  the  shorter  spans. 
Conditions  are  especially  unfavorable  in  double-track  structures  where  the 
distance  between  outside  stringers  and  end  of  beam  is  relatively  small. 
Where  it  is  desirable  to  introduce  horizontal  trusses  in  the  floor  system 
to  resist  the  traction  or  braking  stresses,  the  most  suitable  place  for 
such  a  truss  is  at  one  or  two  beams  near  the  center  of  the  span,  or  at 
the  center  of  the  space  between  expansion  joints,  if  such  are  used. 

Besides  the  stresses  in  beams  and  connections  the  extension  of  the 
chords  gives  rise  to  considerable  stress  in  the  lateral  members  and  their 
connections.  With  fairly  rigid  joints  the  unit  stress  in  the  laterals  may 
easily  reach  one-third  to  one-half  the  unit  stress  in  the  chords  themselves. 
In  the  end  panels,  where  the  chord  section  is  small  and  the  laterals  rela- 
tively large,  a  considerable  proportion  of  the  chord  stress  will  be  carried 
by  the  laterals.  This  consideration  shows  the  importance  of  good  lateral 
connections,  especially  near  the  ends  of  the  span.  Observations  on  end 
posts  and  end  sections  of  lower  chords  have  shown  very  high  secondary 
stresses  in  these  members,  due  to  eccentric  connections  of  lower  laterals. 

The  connection  of  lower  laterals  to  stringers  is  of  doubtful  value. 
Owing  to  the  relative  movement  between  chords  and  floor  system  here 
discussed,  such  a  connection,  if  rigid,  will  cause  considerable  lateral 
bending  in  the  stringers,  especially  near  the  ends  of  the  span.  If  a  con- 
nection is  made,  it  should  be  flexible  in  a  direction  parallel  to  the  bridge 
axis. 

(4)       VARIATION   OF  AXIAL   STRESS   IN   DIFFERENT  ELEMENTS   OF   THE   SAME 

MEMBER. 

In  addition  to  the  secondary  stresses  in  a  vertical  plane  due  to  rigid 
joints,  there  will  exist  more  or  less  bending  in  a  direction  at  right  angles 
to  the  vertical  plane.  In  the  case  of  eye-bar  members  this  lateral  bending 
will  be  shown  in  the  inequality  of  stress  in  the  various  bars ;  in  the  case 
of  riveted  members  it  will  be  shown  as  a  lateral  bending  similar  to  the 
bending  in  a  vertical  plane.  It  is  impossible  to  apply  theoretical  analysis  to 
any  great  extent  in  this  case,  but  results  of  observations  have  shown  such 
variation  to  be  considerable,  especially  at  lower  ends  of  end  posts,  due 
probably  to  the  effect  of  the  laterals.  In  other  riveted  members  varia- 
tions generally  of  5  to  10  per  cent,  have  been  noted.  In  eye-bars  a  varia- 
tion of  10  to  20  per  cent,  from  the  average,  both  for  lower  chord  and 
diagonals,   is  not   uncommon. 
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(5)       STRESSES    DUE   TO   VIBRATION    OF    INDIVIDUAL    MEMBERS. 

Slender  members,  such  as  long  eye-bars,  are  subjected  to  very  con- 
siderable vibration  under  moving  loads.  This  vibration  not  only  tends 
to  cause  wear,  but  also  causes  a  considerable  increase  in  fiber  stress,  which, 
if  excessive,  tends  to  produce  some  permanent  elongation.  Actual  ob- 
servations in  the  field  have  shown  stresses  due  to  this  cause  amounting  to 
2,000  to  3,000  lbs.  per  square  inch  in  comparatively  large  eye-bars  acting 
as  long  diagonals.  Eye-bars  used  for  chord  members  in  spans  exceeding 
about  150  feet,  especially  where  designed  for  heavy  loads,  are  not  likely 
to  be  subject  to  any  considerable  increase  of  stress  due  to  this  cause. 
It  is  the  long  diagonal  eye-bar  which  is  likely  to  show  large  vibrations. 

(6)       CONCLUSIONS    REGARDING    SECONDARY     STRESSES. 

1.  The  amount  of  secondary  stress  to  be  expected  in  main  truss 
members  of  the  ordinary  Pratt  and  Warren  trusses  ranges  from  about 
■5  to  35  per  cent. 

2.  If  members  are  exceptionally  deep  in  the  plane  of  the  truss  the 
percentage  may  run  to  50  or  60  per  cent. 

3.  Excessively  deep  members  should  be  avoided,  especially  in  ten 
sion  chords  and  in  chords  of  trusses  with  subdivided  panels. 

4.  Hip  verticals  and  other'  suspenders  should  be  of  liberal  cross- 
section,  and  where  these  suspenders  are  of  considerable  length  and  at- 
tached to  the  lower  chord,  it  is  desirable  to  make  them  somewhat  shorter 
than  the  calculated  length,  as  in  the  shortening  of  members  to  product- 
camber. 

5.  Where  a  top  chord  in  a  subdivided  truss  is  supported  by  means  of 
secondary  members,  these  should  be  made  slightly  longer  than  the  calcu- 
lated length  to  avoid  excessive  deflection  under  live  loads. 

6.  Lateral  connections  should  be  made  as  concentric  as  possible,  espe- 
cially for  lower  laterals  in  through  bridges  and  at  panel  points  at  and 
near  the  ends  of  the  truss. 

7.  Posts  supporting  floor  beams  should  be  made  of  moderate  width 
in  a  transverse  direction  and  floor  beams  made  relatively  deep.  In  good 
designs,  bending  stresses  in  posts  are  likely  to  be  as  high  as  25  per  cent. 
of  the  primary  stresses. 

8.  To  avoid  excessive  bending  stresses  in  floor  beams  due  to  chord 
action,  expansion  joints  should  preferably  be  used  in  the  stringer  system 
in  single-track  spans,  exceeding  about  200  feet  in  span  length,  and,  in 
double  track  spans,  exceeding  about  150  feet  in  span  length.  For  short 
through  truss  spans,  the  use  of  wide  hitch  angle  legs  attached  to  the  floor 
beams  will  answer.  In  deck  spans  the  provision  of  expansion  joints  is  of 
especial  importance. 

9.  If  horizontal  trusses  arc  used  in  a  floor  system  to  resist  traction 
stress,  these  should  be  placed  near  the  center  of  a  span  or  midway  be- 
tween expansion  joints  and  not  at  the  ends  of  the  span. 

10.  Laterals  sliould  not  be  rigidly  connected  to  floor  stringers,  merely 
supported. 
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II.  Secondary  stresses  of  considerable  amount  are  developed  when 
the  single  Warren  system,  or  the  double  Warren  system  without  verticals, 
is  used  for  a  lateral  system  or  for  bracing  the  legs  of  a  trestle  tower. 
These  can  readily  be  avoided  by  using  transverse  members  of  relatively 
small  sections. 

III.     WORKING  STRESSES  FOR  TENSION   MEMBERS 

(i)       GENERAL    CONSIDERATIONS. 

In  determining  the  proper  working  stress  for  tension  members  of 
structural  steel,  the  fundamental  requisite  is  that  no  stress  to  which  the 
material  may  be  subjected  by  any  possible  combination  of  loads  shall  ex- 
ceed its  elastic  limit  strength.  On  the  other  hand,  it  is  desirable  for  the 
sake  of  economy  to  work  as  close  to  this  limit  as  practicable.  In  mild 
steel  the  margin  between  elastic  limit  and  the  ultimate  strength  is  large, 
and  so  long  as  no  part  of  the  structure  is  stressed  beyond  the  former  limit 
the  factor  of  safety  against  absolute  failure  is  ample.  In  fact,  an  ele- 
vation of  stress  at  rare  intervals  beyond  the  elastic  limit  would  not 
necessarily  injure  the  material  or  endanger  the  structure,  but  the  perma- 
nent distortions  which  would  be  caused  thereby  would  result  in  a  new 
and  uncertain  distribution  of  stress  and  would,  in  general,  be  inadmissible. 

While  the  elastic  limit  may,  therefore,  be  taken  as  the  limit  towards 
which  the  actual  stress  may  approach  with  safety,  yet  for  several  rea- 
sons it  is  necessary  that  the  working  stress  be  made  considerably  less 
than  such  elastic  limit.  A  considerable  margin  of  strength  must  be 
left  to  provide  for  the  following: 

(a)  Variations  and  imperfections  in  the  material  and  workmanship : 

(b)  Corrosion  or  other  deterioration  of  the  material ; 

(c)  Secondary  and  other  stresses  not  taken  -account  of  in  the 
calculations ; 

(d)  Some  increase  in  live  load,  and  sometimes  in  the  dead  load,  be- 
yond that  specified  without  endangering  the  structure ; 

(e)  The  dynamic  effect  of  moving  loads  (commonly  called  im- 
pact), whereby  the  actual  stresses  produced  in  the  structure  are  consid- 
erably   greater    than   the    calculated    static    stresses ; 

(f)  The  possible  effect  of  repetition  of  stress  on  the  elastic  strength 
of  the  material,  especially  with  reference  to  details  where  secondary 
stresses  may  be  high. 

(g)  In  the  case  of  unlikely  but  possible  combination  of  circum- 
stances, the  working  stress  is  made  to  depend  somewhat,  also,  upon  the 
probability  of  the  assumed  stress  occurring. 

Items  (a)  and  (b)  are  not  usually  specifically  allowed  for,  but 
some  provision  is  made  in  a  general  way  in  selecting  the  working  stress. 
Corrosion  will  vary  greatly  under  different  conditions  and  will  frequently 
be  a  large  factor  in  the  life  of  a  structure.  Ordinarily  at  least  10 
per  cent,  should  be  allowed  for  these  two  items. 

Item  (c),  secondary  stresses,  have  been  discussed  in  Part  II.  These 
stresses  are  proportional  to  the  primary  or  axial   stresses   for  both   dead 
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and  live  loads.  They  are  seldom  calculated,  but  are  provided  for  in 
the  working  stress  in  a  general  way.  They  may  also  be  kept  within  rea- 
sonable  limits   by  observing   good   principles   of   design. 

Items  (d),  (e)  and  (f)  relate  to  live  load  effects  and  item  (g)  to 
various  combinations  of  variable  loads  which  are  more  or  less  probable. 

The  selection  of  the  proper  unit  stresses  and  the  treatment  of  the 
various  elements  mentioned  above  can  best  be  discussed  under  the 
following  heads : 

The  Elastic  Limit ; 

The  Dead-Load   Working   Stress ; 

The  Live-Load  Stress,  including  (a)  future  increase  in  load,  (b) 
impact,   and    (c)    repeated   stresses; 

The  Live-Load  Unit  Stress; 

Comparison  of  Various  Formulas  for  Impact  and  Dead-  and  Live- 
Load  Working  Stresses; 

The  Overload  Capacity  of  Bridges  designed  with  various  working 
stresses. 

(2)       THE    ELASTIC    LIMIT. 

For  the  standard  structural  steel  the  average  commercial  elastic 
limit  (yield  point)  in  tension  is.  about  32,000  lbs.  per  sq.  in.  A  mini- 
mum of  30,000  lbs.  per  sq.  in.  in  specimen  tests  is  allowed  and  29,000 
lbs.  per  sq.  in.  for  full-sized  eye-bars.  A  value  of  30,000  may  be.  taken 
as  about  the  elastic  limit  value  to  consider  in  fixing  the  working  stress. 

The  true  elastic  limit,  that  is  to  say.  the  limit  of  proportionality  of 
stress  and  deformation,  is  somewhat  below  the  yield  point ;  but  the  per- 
manent deformations  for  these  low  stresses  are  very  small,  and  as  this 
lower  limit  is  likely  to  be  exceeded  only  in  the  case  of  excessive  second- 
ary stresses,  and  then  only  in  extreme  fibers,  this  theoretical  elastic 
limit  is  of  little  significance  in  connection  with  the  question  under 
discussion. 

(3)       THE     DEAD-LOAD     WORKING     STRESS. 

The  dead-load  stress  is  a  static  stress  of  fixed  amount.  If  all  second- 
ary stresses  were  calculated  so  that  the  true  maximum  fibre,  stress  could 
be  known,  it  would  be  safe  to  allow  a  working  fiber  stress  in  tension 
members,  for  dead  load  alone,  practically  equal  to  the  minimum  elastic 
limit,  as  above  indicated.  In  fact,  a  slight  overstepping  of  the  elastic 
limit,  if  due  to  bending  from  secondary  stress,  could  do  no  more  than 
to  give  a  slight  set  to  the  member  as  in  cold  straightening.  However, 
as  any  considerable  permanent  set,  or  inelastic  deflection,  is  objection- 
able as  disturbing  the  distribution  of  the  stress  on  rivets  and  connections, 
the  elastic  limit  should  be  considered  as  the  limit  of  fiber  stress. 

The  dead-load  working  stress  for  structural  steel  for  tension  mem- 
bers is  usually  placed  at  from  16,000  to  20,000  lbs.  per  sq.  in.,  second- 
ary stresses  being  neglected.  The  higher  value  can  be  employed  only 
when    the    live-load    stresses    are    fully    provided    for    in    the    live-load 
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working  stress.  Taking  a  value  of  20,000  lbs.  per  sq.  in.  and  an  elastic 
limit    at   30,000   lbs.,    tbe    margin    would    be   utilized    about    as    follows: 

Primary  static  stress 20,000  lbs.  per  sq.  in. 

Secondary  stress  at  35  per  cent 7,000     "       "      "     " 

Total  fiber  stress   27,000 

Additional  margin  for  corrosion,  etc.  3,000     

Elastic  limit   30,000     ' 

It  would  appear  from  this  analysis,  that  "with  ordinary  conditions  as 
to  secondary  stress,  a  working  stress  of  20,000  lbs.  per  sq.  in.  is  about 
ihe  maximum  permissible  value  for  the  dead-load  alone. 

It  should  be  understood  that  the  above  discussion  relates  to  clastic 
strength  and  not  to  ultimate  strength.  Before  failure  in  a  tension  mem- 
ber can  occur  the  stress  at  some  point  would  have  to  reach  the  ultimate 
strength  of  the  material,  a  minimum  value  of  about  5S,ooo  lbs.  per  sq.  in. 
Should  a  member  be  stressed  considerably  beyond  the  elastic  limit,  the 
relative  amount  of  secondary  stress  becomes  much  less  than  it  is  below 
that  limit,  so  that  at  failure,  the  axial,  or  primary  stress,  would  reach 
nearly  the  ultimate  strength  of  the  material.  With  a  working  stress  of 
20,000  lbs.  per  sq.  in.  for  the  calculated  primary  stress,  the  factor  of 
safety  against  ultimate  failure  would  then  be  as  much  as  2Y2,  which  is 
ample  for  static  loads. 

In  the  case  of  compression  members  the  relations  between  the  elastic 
and  ultimate  strengths  are  very  different   from  those  above  described. 

(4)       THE  LIVE-LOAD   STRESS. 

The  live  or  variable  load  differs  in  its  characteristics  from  the  dead-load 
in  three  ways.  It  is  subject  to  future  increase,  it  causes  stresses  whose 
true  values  are  considerably  larger  than  the  calculated  static  values,  and 
it  is  repeatedly  applied  and  removed.  Differentiation  between  dead-  and 
live-load  stress  in  determining  sectional  areas  is  made  by  three  general 
methods:  (1)  By  increasing  the  calculated  live-load  stress  by  a  certain 
estimated  amount  to  cover  "impact"  and  then  applying  the  same,  or 
nearly  the  same,  unit  stress  as  for  dead-load ;  (2)  by  using  a  compara- 
tively low  unit  stress  for  live-load  and  applying  it  directly  to  the  cal- 
culated static  stress,  the  effect  of  impact,  repetition  of  stress,  etc.,  being 
covered  by  the  unit  stress,  and  (3)  by  the  use  of  a  "fatigue"  formula  ap- 
plied to  the  combined  dead-  and  static  live-load  stresses,  and  usually 
neglecting  the  effect  of  impact  as  such.  The  various  elements  involved 
will  be  discussed  first,  after  which  these  methods  of  treatment  will  be 
considered. 

Secondary  stresses  have  the  same  relative  magnitude  as  in  the  case 
of  dead  load  and  should  be  provided  for  in  the  same  general  manner :  that 
is,  by  allowance  in  the  unit  stress. 
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(a)       FUTURE   INCREASE  IN   LOAD. 

Tlie  most  rational  method  of  providing  for  future  increase  in  loa<l 
is  to  estimate  what  such  load  will  be  and  use  it  in  the  stress  calcula- 
tions. However,  owing  to  the  impossibility  of  correctly  estimating  future 
conditions,  either  in  the  amount  of  such  load  or  in  its  distribution,  it  is 
desirable  to  have  some  margin  in  the  unit  stress  itself.  For  very  costly 
structures  a  larger  margin  for  growth  should  be  allowed  than  in  ordinary 
structures.  In  the  former  case  it  is  also  customary  to  assume  a  much  heavier 
load  than  for  ordinary  structrues,  thus  insuring  a  longer  life.  On  ac- 
count of  the  effect  of  dead-load,  the  assumption  of  a  relatively  heavy  live- 
load  and  high  dead-load  working  stress  gives  a  better  balanced  design,  so 
far  as  future  increase  in  load  is  concerned,  than  a  light  live-load  and  low 
dead-load  stress.  Again,  by  reason  of  the  greater  weight  of  long  spans, 
the  available  margin  in  the  dead-load  unit  stress  gives  a  greater  percent- 
age of  excess  live-load  capacity  than  in  short  spans.  If  properly  dis- 
tributed, this  greater  excess  "capacity  is,  to  a  certain  extent,  desirable,  as 
long  spans  should,  in  general,  have  a  longer  life  than  short  spans. 

(b)     impact. 

The  true  live-load  stresses  are  considerably  larger  than  the  cal- 
culated static  stresses  on  account  of  the  dynamic  effect  of  the  moving 
load.  The  logical  method  of  procedure  is  to  estimate  or  calculate  such 
impact  stresses  as  closely  as  possible,  and  add  the  results  to  the  static 
live-load  stresses. 

The  various  impact  formulas  in  use  have  been  discussed  in  a  previous 
part  of  this  report.  The  formula  suggested  by  the  Sub-Committee  is  as 
follows  : 

L 

1=3 

l2 

1+ 


30000 
where    L  =  live-load    stress   and   1  =  loaded    length   for    maximum    stress 

(c)       THE    EFFECT    OF    REPEATED    STRESSES. 

It  has  been  amply  shown  by  experiments  that  when  structural  steel 
is  subjected  to  a  large  number  of  repetitions  of  stress,  exceeding  some- 
what its  elastic  limit,  failure  will  ultimately  result  even  though  the  maxi- 
mum stress  so  repeated  is  considerably  below  the  ordinary  ultimate 
strength  of  the  material.  Recent  tests  indicate,  further,  that  under  a 
very  large  number  of  repetitions  (running  into  the  billions)  the  breaking 
load  may  be  considerably  below  the  ordinary  elastic  limit.  However,  it 
appears  well  proven  that  for  repetitions  extending  only  to  a  few  millions 
(corresponding  to  the  service  of  the  steel  in  a  bridge  structure),  the  ulti- 
mate strength  for  loads  varying  from  zero  to  the  maximum  is  some- 
what above  the  ordinary  elastic  limit.* 


♦For  a  review  of  this  subject  see  paper  by  H.   F.    Moore  and   by    F.    B 
Seely,   Trans.    Am.    Soc.    Test.    Mat..   Vol.    15.   1MB,   p.    437. 
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Working  formulas  have  been  used  to  a  considerable  extent,  based 
on  the  theory  of  fatigue  as  .brought  out  by  the  above-mentioned  experi- 
ments. Such  working  formulas  may  correctly  represent  ultimate  strength 
of  the  material  under  the  different  assumed  conditions,  but  inasmuch:  as 
repetition  of  load  does  not  affect  elastic  strength,  these  formulas  do  not 
give  proper  relative  factors  of  safety  with  respect  to  the  elastic  strength. 
In  practice  they  can  be  made  to  give  fairly  good  results  by  omitting 
from  the  live-load  stress  the  element  of  impact,  thus  making  the  formula 
take  account  of  the  impact;  but  if  impact  is  first  added  so  as  to  get 
the  true  live-load  stress  the  usual  fatigue  formula  gives  results  quite 
outside  of  the  ordinary  rules  of  practice.  For  example,  in  the  case 
of  a  very  short  span,  where  the  actual  impact  may  be  ioo  per  cent.,  and 
the  ratio  of  minimum  to  maximum  very  small,  the  ordinary  fatigue 
formula  logically  applied  according  to  the  fatigue  theory,  gives  a  dead- 
load  working  stress  about  four  times  as  great  as  the  working  stress  for 
static  live  load. 

In  view  of  present  knowledge  regarding  both  impact  and  fatigue, 
your  Committee  is  of  the  opinion  that  the  better  practice  is  to  make  use 
of  an  impact  formula  directly  and  to  neglect  fatigue  as  such. 

(5)      THE    LIVE-LOAD    UNIT    STRESS. 

The  most  common  method  of  treating  live-load  stress  in  use  at  the 
present  time  is  to  first  add  to  the  static  stress  the  effect  of  impact  as 
nearly  as  can  be  estimated,  and  then  to  treat  the  results  substantially  the 
same  as  the  dead-load  stress,  secondary  stress  being  allowed  for  in  the 
same  way  as  in  the  case  of  dead-load.  It  is  a  question  whether  or 
not  this  method  gives  proper  relative  weight  to  live-load  stress  as  com- 
pared to  dead-load  stress,  even  assuming  that  the  total  live-load  stress 
is  correctly  determined.  It  would  appear  that  there  is  a  sufficient  differ- 
ence between  the  action  of  live-load  stresses  and  dead-load  stresses  to 
warrant  some  difference  between  the  unit  stresses. 

The  Committee  is  not  prepared  to  make  a  definite  recommendation 
on  this  important  matter  at  this  time,  but  suggests  the  following  units 
as   worthy  of   study   and   discussion : 

,000  lbs.  per  sq.  in.    for   dead-load. 

,000  lbs.  per  sq.  in.    for   live-load   and    impact. 

,000  lbs.  per  sq.  in.  for  dead-load. 

,000  lbs.  per  sq.  in.  for  live-load   and  impact. 
16,000  lbs.  per  sq.  in.  for  both  dead-load  and  live-load 
with  impact. 

It  is  believed  that  with  a  specified  live-load,  which  provides  liberally 
for  future  increase  of  load,  the  units  20,000  and  16,000  are  entirely  safe 
and  proper.  These  units  do  not,  of  course,  allow  as  great  an  increase 
of  live  load,  especially  in  long  span  bridges,  as  the  present  specifications, 
but  it  is  a  question  whether  the  desired  margin  should  not  be  secured 
by  the  use  of  a  heavier  specified  live-load. 


f  20,C 

lii6,c 
U5,c 
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From  the  discussion  here  given  it  would  appear  that  different  value? 
for  the  two  classes  of  stresses  would  be  the  more  rational  provision,  but  a 
single  unit  stress  is  more  convenient  to  use  in  practice,  and  if  limited  in 
use  to  spans  of  moderate  size  gives  reasonably  consistent  results. 

With  the  use  of  different  working  stresses  for  dead  and  live-load 
the  resulting  design  will  be  better  balanced  and  more  economical  in  the 


Fig.  7. 


long  run  than  designs  based  on  present  practice.  Under  present  rules  the 
excess  strength  secured  in  using  16,000  lbs.  for  dead-load  is  not  wel! 
distributed  to  take  care  of  the  possible  increased  live-load. 

(6)       COMPARISON  OF  RESULTS  FROM   DIFFERENT   FORMULAS. 

To  bring  out  as  well  as  possible  the  effect  on  a  design  of  applying 
various  formulas  and  unit  stresses  the  diagram  of  Fig.  7  has  been  prepared 
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The  ordinates  represent  the  net  unit  stress,  which,  if  applied  to  static 
live-load  and  dead-load  stress,  would  give  the  same  sectional  area  in 
each  case  as  the  use  of  the  various  formulas  and  unit  stresses  noted. 
These  values  are  determined  from  an  estimate  of  the  actual  weights  of  sin- 
gle-track railroad  bridges  of  various  spans,  using  a  uniform  load  equiva- 
lent to  Cooper's  class  E-50.    Chord  stresses  only  are  considered. 

The  sectional  areas  of  chord  members  are  thus  inversely  proportional 
to  the  respective  unit  stresses  shown  by  ordinates  to  these  curves.  Curves 
for  the  following  formulas  and  unit  stresses  are  plotted : 

300 

1.  American    Railway    Engineering    Association;    1  =  LX 1 

300  +  1 
s  —  1 6,000. 

L 

2.  Chicago  &  North-Western  Railway  and  others  ;    1  = ;    s  = 

D-f-L 
1 6,000. 

r  >  {  10,000  for  L.  L. 

3.  Coopers  units;   s=    )  2o;ooo  for  D.  L. 

125  —  y$  v  2000 1  —  i" 

4.  Seaman's  Specifications  ;*  I  =  L — , 

too 

(a)  s  =  20,000, 

(b)  s  =  16,000. 

min. 

5.  Fatigue  formula;  no  impact.    s  =  10,000  (i-j ). 

max. 
L 

6.  Proposed  bv  Committee  ;  I  = ; 

l2 

1+ 

30,000 


(a)  s 


16,000  L.  L. 

20,000  D.  L. 

(h\  s_    \  iS.ooo  L.  L. 
to;  s_   J  lgooo  D   L 

(c)   s  =       16,000  for  both  D.  and  L.  L. 

From  this  diagram  we  find,  for  example,  that  the  equivalent  unit 
stresses  for  chord  members,  derived  from  the  various  formulas  for  a 
200-ft.    span   bridge,    are    approximately   as    follows : 

Formula  Unit    Stress 

1 11,400  lbs.  per  sq.  in. 

2     1 1,200    "      "     "     " 

3.   12,100 '     " 

4  (a)     14,000     

(b)     12,000    ' 

5     13,100     

6  (a)     13,000     "       

(b)     12,100    ' 

(c)     12,400     ' 

•Trans.  Am.  Soc.   C.   E.,    Vol.  75,  p.   31S. 
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To  show  more  directly  the  effect  of  the  application  of  these  formulas 
upon  the  weights  of  structures,  the  diagram  of  Fig.  8  has  been  prepared 
This  shows  approximately  the  steel  weights  of  structures  designed  by  the 
different  formulas,  expressed  in  percentage  of  the  weights  of  spans  de 
signed  under  the  present  specifications.  These  curves  are  based  on  the 
assumption  that  the  weights  of  trusses  are  closely  inversely  proportional 
to  the  allowable  unit  stresses  and  that  the  weights  of  the  floors  are  prac 
tically  constant.  The  results  are,  of  course,  roughly  approximate,  but 
it  is  believed  that  the  curves  give  a  fair  idea  of  the  effect  on  steel  weights 
of  the  use  of  the  several  formulas  mentioned.     Referring  to  Fig.  7,  it  will 
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he  seen  that  the  use  of  the  proposed  units  of  18,000  and  15.000  lbs.  leads 
to  somewhat  heavier  structures  than  the  present  specifications  for  spans  up 
to  about  150  ft.  in  length  and  somewhat  lighter  structures  for  spans  of 
greater  length.  At  300  feet  the  difference  in  weight  is  about  9  per  cent., 
as  shown  in  Fig.  8. 

(7)  COMPARATIVE  F.FFECT  OF  PRESENT  SPECIFICATIONS  AND  PROPOSED 
FORMULAS  OX  THE  CAPACITY  OF  A  BRIDGE  TO  CARRY  INCREASED 
LIVE-LOAD. 

The  life  of  a  steel  railroad  bridge  has  for  many  years  been  limited 
by  its  capacity  to  carry  a  steadily  increasing  live-load.  While  futurt 
increase  in   load   is  not   likely  to  be  nearly   so  rapid   as  in  the  past,  yet  it 
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can  hardly  be  assumed  that  there  will  not  still  be  a  considerable  increase 
in  the  future.  Therefore,  it  is  probable  that  the  life  of  railroad  bridges 
will  in  many  future  cases  be  determined  by  their  capacity  to  carry  an 
increased  load.  Such  being  the  case,  some  attention  should  be  given  to  the 
question  of  the  effect  of  an  increase  of  live-load  beyond  that  specified, 
upon  the  stresses  in  the  various  parts  of  the  structure. 

Under  over-load  conditions  it  is  good  practice  to  allow,  under  careful 
supervision,  a  considerable  increase  in  total  stress  over  the  allowable 
stresses  for  new  structures,  and  many  bridges  are  operated  under  these 
conditions  for  long  periods  .of  time  before  they  are  replaced.  Under 
favorable  conditions  the  recommended  practice  of  this  Association  is  to 
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Fig.  9. 


consider  a  maximum  stress  of  26,000  lbs.  per  sq.  in.,  on  the  basis  of 
the  regular  impact  formula,  not  in  itself  cause  for  immediate  action  to 
replace  the  structure  or  to  modify  traffic.  If  the  proposed  impact  formula 
be  used,  it  is  believed  that  a  maximum  stress  of  24,000  lbs.  per  sq.  in. 
would  correspond  very  well  with  the  present  practice  of  26,000  lbs.  This 
figure  would  give  slightly  less  capacity  to  short  spans  and  slightly  greater 
capacity  to  long  and  heavy  spans  than  present  practice. 

On  the  basis  of  a  maximum  stress  of  24,000  lbs.  per  sq.  in.,  the  over- 
load capacity  of  various  span  lengths  has  been  approximately  calculated 
and  represented  in  Fig.  9.  In  this  diagram  the  over-load  capacity  is  ex- 
pressed in  terms  of  the  percentage  which  the  maximum  allowable  live- 
load,  under  an  assumed  stress  of  24,000  lbs.  per  sq.  in.  in  chord  members 
and  flanges  of  girders,  will  bear  to  the  specified  live-load,  adopting  the  pro- 
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posed  impact  formula  as  representing  the  true  impact.  Web  members 
have  not  been  considered  in  this  diagram,  but  if  loaded  length  is  used  for 
web  member  impact,  these  members  will  be  somewhat  heavier  relatively 
than  chord   members. 

Curve  i  represents  the  over-load  capacity  for  structures  designed 
under  present  specifications.  Curves  4,  (a),  (b)  and  (c),  represent  the 
capacity  when  designed  on  the  basis  of  the  proposed  impact  formula,  and 
using  various  unit  stresses  as  indicated  on  the  curves.  Curve  1  (a)  shows 
results  obtained  according  to  present  methods  of  calculation,  using  26,000 
lb.  per  sq.  in.  as  the  maximum  allowable  stress. 

This  diagram  shows  clearly  how  the  over-load  capacity  of  structures 
varies  with  the  span  length,  and,  further,  that  under  present  specifications 
this  capacity  ranges  between  a  minimum  of  about  150  per  cent,  to  a  maxi- 
mum of  over  220  per  cent. 

The  increased  capacity  of  the  longer  span  is,  of  course,  due  to  the 
fact  that  the  dead-load  unit  stress  is  in  all  cases  considerably  below  the 
maximum  allowable  stress  of  24,000  lbs.  per  sq.  in.  If  the  dead-load  stress 
were  made  24,000  lbs.,  the  over-load  capacity  of  all  spans  would  be  the 
same,  and  would  be  equal  to  the  ratio  of  24,000  lbs.,  divided  by  the  live- 
load  unit  stress. 

In  applying  this  information  to  the  problem  in  hand,  it  would  appear 
to  be  wise  and  proper  that  longer  spans  should  have  a  somewhat  greater 
over-load  capacity  than  short  spans  on  account  of  greater  expense  in- 
volved in  replacement,  and  generally  the  more  difficult  conditions  to  be 
met  with  in  other  ways.  It  is  also  probably  true  that  the  over-load  ca- 
pacity of  plate  girders  is  actually  somewhat  greater  than  here  assumed 
on  account  of  the  greater  simplicity  of  these  structures,  smaller  secondary 
stresses   and   a  smaller   element   of   uncertainty   in   various    details. 

The  over-load  capacity  of  a  bridge  should  also  be  studied  in  other 
ways.  In  order  to  utilize  a  structure  to  the  highest  degree  of  economy 
under  over-load  conditions,  all  parts  of  the  structure  should  reach  their 
over-load  capacity  at  about  the  same  time,  that  is,  should  have  about  the 
same  over-load  capacity.  Under  present  specifications  this  is  far  from 
true.  Truss  members  in  which  the  dead-load  stress  is  relatively  large  will 
have  a  greater  capacity  than  those  members,  such  as  hangers  and  floor 
members,  where  the  dead-load  stress  is  small. 

By  reference  to  Fig.  9  we  find,  for  example,  that  under  present 
specifications  the  capacity  of  spans  of  50  feet  and  less,  corresponding  to 
floor  members,  is  about  150  per  cent.,  while  for  chord  members  in  trusses 
of  200-foot  spans  it  is  about  185  per  cent.,  and  for  300-foot  spans  it  is 
about  210  per  cent.  For  working  stresses  of  18,000  and  15,000,  using 
the  proposed  impact  formula,  the  capacity  of  floor  members  and  hangers 
is  about  162  per  cent.,  and  of  truss  members  of  200-foot  spans  172  per 
cent.,  and  300-foot  spans  180  per  cent.  The  use  of  the  units  20,000  and 
16,000  gives  capacities  varying  from  150  per  cent,  for  floor  members  to  about 
162  per  cent,  for  chords  of  300-foot  spans.  This  gives  the  most  uniform 
results  of  all. 
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It  may  therefore  be  concluded  that  the  use  of  a  relatively  high  dead- 
load  working  stress  will  lead  to  structures  of  a  more  uniform  strength  than 
present  practice,  and  that  the  margin  of  safety  for  increasing  live-load  will 
be  better  distributed  by  giving  attention  to  the  live-load  and  the  live-load 
working  stress.  If  the  specified  live-load  is  taken  high,  so  that  future  in- 
crease beyond  that  specified  is  practically  eliminated,  then  the  working 
live-load  stress  may  also  be  taken  high ;  if  future  increase  is  quite  cer- 
tain to  go  beyond  the  specified  load,  then  the  live  load  stress  should  be- 
taken lower.  There  is  no  reason,  however,  why  the  dead-load  stress 
should  not  be  the  same  in  both  cases.  Present  practice  of  engineers  in- 
cludes both  of  these  methods.  In  the  design  of  very  large  and  costly 
structures  it  is  not  uncommon  to  assume  a  very  heavy  live-load,  such  as 
E-80  or  E-90,  which  will  never  be  exceeded,  and  then  to  use  high  unit 
stresses  such  as  would  be  suitable  for  dead-load  alone.  On  the  other 
hand,  the  practice  of  most  engineers  in  the  design  of  ordinary  struc- 
tures is  fairly  represented  in  this  respect  by  present  specifications,  which 
contemplate  a  moderately  heavy  specified  load,  but  at  the  same  time  one 
which  can  be  very  considerably  increased  (and  will  probably  be  actually 
so  increased)   without  endangering  the  structure. 

The  Committee  is  of  the  opinion  that,  on  the  whole,  a  better  balanced 
design  would  result  by  the  adoption  of  approximately  such  units  as 
20,000  and  16,000,  together  with  some  increase  in  specified  live-load  if  the 
resulting  structures  would  otherwise  be  too  light  to  meet  future  condi- 
tions. If,  however,  such  a  change  in  unit  stress,  involving  as  it  does  an 
increase  in  average  value,  is  undesirable,  about  the  same  relative  effect 
would  be  secured  by  the  use  of  somewhat  lower  values,  such  as  18,000 
and    15,000,   as  suggested. 

The  Committee  has  endeavored  here  to  present  the  elements  of  this 
problem,  deferring  definite  recommendations  until  opportunity  is  given  for 
full   discussion. 

WORKING    STRESSES   FOR   COMPRESSION   MEMBERS. 

The  working  stresses  herein  discussed  are  intended  to  apply  only  to 
tension  members.  In  the  opinion  of  the  Committee  the  base  unit  stress  for 
compression  members  acting  as  long  columns  may  well  be  made  less  than 
for  tension  members.  In  long  columns  the  elastic  limit  is  practically  the 
ultimate  strength,  while  in  tension  members  a  considerable  margin  of 
strength  remains  beyond  this  limit.  However,  until  the  results  of  the 
tests  now  in  progress  are  available,  it  would  seem  unwise  to  attempt  to 
go  into  this  subject  at  length,  and  the  Committee,  therefore,  presents  no 
discussion   of   this   question. 

Respectfully  submitted, 

E.  E.  Turneaure. 

C.  L.  Crandall, 

Albert  Reich  ma  x  n  . 

A.  F.  Robinson, 

A.  C.  Irwin, 

Sub-Committee  on  Impact 


Appendix   F. 

POWER    INPUT    OF    TRACTOR   OPERATED    TURNTABLES. 

By  B.  R.  Leffler, 
Bridge  Engineer,  New  York  Central  Railroad,  West  of  Buffalo. 

Some  time  ago  the  writer  had  some  tests  made  of  the  power  input 
of  turntables.  All  tables  were  equipped  with  electric  tractors.  A  self- 
recording  Esterline  wattmeter  was  used. 

The  results  are  shown  on  a  tabulation  herewith.  The  graphical 
records  for  items  I,  2,  3  and  6  are  shown.  The  records  are  typical 
except  that  for  direct  current  the  curve  is  quite  smooth. 

For  the  curves  the  ordinates  represent  kilowatts,  and  the  abscissa 
time  in  seconds. 

The  tables  were  first  accelerated  through  a  period  of  about  15 
seconds  to  a  uniform  rotation  and  then  turned  several  times  through 
360  degrees.     The  various  loads  are   shown  in  column  6. 

Columns  r  to  6  inclusive  and  13  are  field  data.  The  remainder  of 
the  columns  are  obtained  by  calculation. 

The  table  in  item  1  had  a  new  center  and  tractor.  This  equipment 
was  in  excellent  condition.  Without  the  tractor  attached,  one  man,  by 
lightly  pushing  the  table  through  an  arc  of  20  feet  along  the  pit  wall, 
caused  the  empty  table  to  make  a  rotation  of  360  degrees  under  its 
own    momentum. 

The  center  of  the  table  in  item  2  was  lubricated  with  graphite  grease. 
The  table  had  been  in  use  six  months. 

The  disk  in  item  6  ran  in  oil.  The  table  had  been  in  use  about  four 
years. 

The  tractor  in  item  7  had  been  in  use  about  eleven  years,  and  the 
center  about  five  years.  The  tractor  was  barely  sufficient  to  do  the  work. 
The  center  was  not  in  good  shape.  This  item  may  be  taken  to  represent 
a  poor  and   inefficient  equipment. 

It  is  well  to  state  a  few  mechanical  ideas.  Work  equals  force  times 
the  distance  through  which  the  force  is  applied  ;  it  is  usually  expressed  in 
foot-pounds.  Power  equals  the  work  divided  by  the  time  through  which 
the  work  is  done.  It  is  thus  seen  that  power  involves  three  fundamental 
ideas ;  namely,  force,  distance  and  time. 

Closely,  a  kilowatt  is  work  done  at  the  rate  of  44,000  foot-pounds  per 
minute. 

In  column  9,  the  numbers  multiplied  by  44,000  will  give  the  work  done 
for  a  full  rotation  of  the  respective  loads.  The  numbers  multiplied  by 
cost  of  power  per  kilowatt  minute  will  give  the  cost  of  the  various  rota- 
tions. 

We  will  discuss  item  1.  As  already  noted,  the  table  has  an  easy- 
running  center.  One  man  turning  the  empty  table  would  not  exert  more 
than  0.18  kilowatt.  Since  it  took  1.8  kilowatt,  the  tractor  loss  was  1.62 
kilowatt.     The  number  in  column  10,  namely  1.62,  is  roughly  the  kilowatt 
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minutes  (losses  of  combined  tractor  and  empty  table  not  counted)  re- 
quired to  turn  through  360  degrees  the  total  locomotive  weight  of 
707,000  lbs.  The  number  is  gotten  by  subtracting  from  6.931  three  times 
1.77.     The  other  numbers  in  column  10  were  obtained  in  a  similar  way. 

In  calculating  column  10  it  was  assumed  that  the  losses  in  the  tractor 
would  be  the  same  for  the  loaded  table  as  for  the  empty  table.  The  losses 
due  to  engine  loads  would  then  appear  mostly  in  the  center.  This  is  only 
approximately  true,  as  the  increased  current  in  the  tractor  affects  the 
electric  losses.  An  increase  in  the  pull  of  the  tractor  also  increases  the 
frictional  losses  in  the  tractor.  The  figures  in  column  10  are  only  rough 
approximations. 

A  graduated  spring  balance  placed  between  the  tractor  and  the  table 
would  have  shown  the  tractor  pull.  Knowing  this  pull  the  tractor  losses 
in  the  center  could  have  been  respectively  determined.  On  account  of 
complications,  this  was  not  done. 

It  should  be  seen  that  columns  7,  9  and  10  represent  frictional  and 
electric   resistance   losses   only   since   the  tables   were   rotating  uniformly. 

Column  11  may  be  taken  to  represent  the  relative  efficiencies  of  the 
various  combined  tractors  and  tables.  The  relative  losses  of  tractor  and 
center  are  not  seen.  The  number,  156,000  for  item  1,  is  gotten  by  dividing 
1,088,000  by  6.931.  Column  12  represents,  roughly,  the  relative  efficiencies 
of  the  centers.  The  number  437,000  for  item  1  is  gotten  by  dividing 
707,000  by   1.62. 

The  numbers  for  the  other  items  are  similarly  obtained,  as  explained 
for  item   1. 

An  examination  of  column  12  shows  that  the  roller  centers  for  items 

1  and  4  are  nearly  equally  efficient.     Likewise  for  the  disk  centers,  items 

2  and  6. 

The  disk  centers  are  about  23  per  cent,  as  efficient  as  good  roller 
centers.  Comparing  the  numbers  in  column  11,  it  is  seen  that  on  account 
of  the  large  tractor  losses,  the  efficiency  of  the  combined  disk  and  tractor 
is  about  43  per  cent,  of  that  of  a  roller  center  and  tractor. 

For  the  remaining  items,  the  efficiencies  of  the  centers,  and  of  the 
tractors  are  low. 

Item  7  shows  that  a  combination  of  a  poor  roller  center  and  a  poor 
tractor  may  have  a  lower  efficiency  than  a  combination  having  a  disk 
center. 

It  is  evident  that  the  application  of  power  to  turntables  is  a  field 
for  improvement. 

The  present  method  of  attaching  a  tractor  to  the  end  of  a  turntable 
is  wrong  in  principle.  All  of  the  inherent  resistances  of  the  tractor  are 
overcome  through  the  long  path  of  the  circular  pit  rail.  This  means  the 
expenditure  of  a  large  number  of  foot-pounds  of  work. 

The  writer  has  seen  an  attempt  made  to  turn  a  tabic  by  hand  with 
tin-   tractor  attached ;   it  was   impossible  to  do   it. 

The  writer  suggests  the  following:  Place  the  motor  and  a  train  of 
gears  upon  the  table.     The  pinion  gear  should  mesh  witli  a  circular  rack 
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which  is  securely  fastened  to  the  center.  The  arrangement  would  then 
be  similar  to  that  lor  a  swingbridge.  An  objection  is  the  possible  accu- 
mulation of  ice  and  dirt  on  the  rack.  Any  resistance  at  the  circular  rail, 
such  as  an  unbalanced  locomotive,  would  be  multiplied  at  the  circular  rack. 
The  objections  can  be  largely  overcome  by  proper  construction,  mainte- 
nance and  operation  of  the  table. 

With  improved  power  installation  and  careful  operation  of  the  table, 
it  should  be  practicable  to  turn  a  200-ton  engine  at  a  cost  of  one-eighth 
of  a  cent  if  the  cost  of  power  is  four  cents  per  kilowatt  hour.  This  is 
about  one-third  to  one-half  of  the  present  cost. 

The  writer  is  indebted  to  Mr.  C.  S.  Albright,  Electrical  Engineer,  and 
assistants,  who  installed  the  wattmeter  and  took  the  records. 
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Appendix  G. 

"ADAPTATION     OF     DESIGNS     OF     MOVABLE     BRIDGES     TO 
SIGNAL    AND    INTERLOCKING    APPLIANCES    REQUIRED." 

The  information  on  the  above  subject  prepared  by  the  writer  for 
presentation  to  the  Committee  on  Iron  and  Steel  Structures  was  not 
ready  in  time  for  adoption  by  the  Committee,  but  the  gist  of  the  informa- 
tion was  presented  verbally  to  the  convention  in  March,  1915. 

At  a  recent  meeting  of  the  Committee  it  was  deemed  desirable  to  pre- 
sent the  matter  to  the  members  in  the  Bulletin,  in  order  that  there  might 
be  written  discussion  in  advance  of  the  next  convention;  the  writer  was 
therefore  requested  to  prepare  the  information  and  submit  it  to  the 
Association  for  such  publication. 

The  report  as  prepared  and  the  verbal  discussion  at  the  convention 
are  printed  on  pages  1098  to  1105,  inclusive,  of  the  Proceedings  of  the 
American  Railway  Engineering  Association  for  1915.  They  are  reprinted 
in  the  following  pages  for  convenient  reference.  As  a  result  of  study 
given  the  subject,  the  writer  has  recommended  that  the  conclusions  a^ 
outlined  on  pp.  274  and  27s  of  this  Bulletin  be  adopted. 

The   entire   matter  is  now  presented  to   the  membership   in   the   hope 
that   the    members    will    participate   in    a    thorough    written    discussion,    in 
order  that  it  may  be  disposed  of  by  the  Committee  and  the  Association. 
Respectfully  submitted, 

C.  E.  Smith. 
Chairman,  Sub-Committee. 
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RAIL-END  CONNECTIONS  FOR  DRAWBRIDGES. 

(Reprint   from   Proceedings,  Vol.   16,  pp.   1098  to  1105.) 

Many  early  drawbridges  had  continuous  rails  spiked  down  on  the 
approaches  and  on  the  drawspan,  the  rails  being  connected  over  the  open- 
ings at  the  ends  by  ordinary  angle  bars  or  fish  plates  which  were  removed 
and  replaced  by  hand.  Later,  on  account  of  the  burden  of  delay  due  to 
handling  the  angle  bars  or  fish  plates,  the  draw  rails  were  extended  a 
short  distance  onto  the  approaches  and  supported  on  shoes  designed  and 
placed  to  hold  the  ends  of  approach  and  draw  rails  in  line  and  to  hold 
the  ends  as  close  together  as  practical,  the  space  being  usually  intended 
as  not  more  than  2  inches. 

The  latter  made  it  necessary,  in  order  to  turn  the  draw,  to  raise  the 
overhanging  ends  of  the  draw  rails  a  sufficient  distance  to  clear  the  shoes 
and  other  obstructions.  As  the  movable  rails  could  not  be  spiked  down, 
or  otherwise  permanently  fastened,  they  were  supported  by  shoes  or 
troughs  of  various  designs  to  hold  them  in  proper  position  and  were 
held  to  gage  by  connecting  bars,  there  being  many  such  bridges  in  service 
at  present.  The  openings  at  the  bridge  ends  caused  objectionable  pound- 
ing, leading  to  rapid  deterioration  of  the  rails  and  their  supports  as  well 
as  the  structural  work  at  the  ends  of  the  bridge.  Efforts  to  eliminate  this 
pounding  and  to  secure  a  firmer  connection  led  to  great  diversity  of 
practice  in  the  use  of  mitered  rail  ends,  easer  bars,  and  pointed  rails  re- 
sembling switchpoints.  The  special  construction  and  arrangement  of  the 
rail-end  connections  created  points  of  special  hazard  and  received  the 
early  attention  of  Signal  Engineers. 

There  has  not  been  in  the  past  and  is  not  at  present  any  accepted 
standard  method  of  arranging  rail  ends  of  movable  bridges.  Both  mitered 
rails  and  square-end  rails  with  easer  bars  have  given  entire  satisfaction 
and  entire  safety  on  heavy  traffic  lines  when  properly  maintained,  while 
on  the  other  hand,  both  designs  have  caused  trouble  when  not  properly 
maintained. 

In  1906,  the  General  Manager  of  the  Pennsylvania  Lines  West,  de- 
siring to  ascertain  the  then  present  "state  of  the  art,"  appointed  a  Com- 
mittee consisting  of  J.  C.  Bland,  Engineer  of  Bridges,  and  W.  McC. 
Grafton,  Signal  Engineer,  to  investigate  and  report.  Part  of  their  report 
follows : 

"We  interviewed  the  officers  of  the  following  named  railroads,  the 
following  Consulting  Engineers  and  Bridge  Companies,  and  visited  cer- 
tain bridges  to  see  the  devices  in  working  order : 

"East  of  Pittsburgh: 

"The  American  Bridge  Company,  Pittsburgh ;  the  Union  Switch  & 
Signal  Company.  Swissvale,  Pa. ;  Pennsylvania  Railroad ;  Pennsylvania 
Steel  Company,  Steelton,  Pa. ;  New  York  Central  &  Hudson  River  Rail- 
road;  the  New  York,  New  Haven  &  Hartford  Railroad,  New  Haven, 
Conn.;  Boston  &  Maine  Railroad,  Boston,  Mass.;  Theodore  Cooper,  Con- 

146 


RAIL-END  CONNECTIONS  FOR  DRAWBRIDGES.  147 

suiting  Engineer,  New  York  City;  Boiler  &  Hodge,  Consulting  Engineers, 
New  York  City;  the  American  Bridge  Company,  New  York. 

"W est  of  Pittsburgh: 

"The  Lake  Shore  &  Michigan  Southern  Railway,  Cleveland,  Ohio ; 
the  Strauss  Trunnion  Bridge  at  Cleveland ;  the  Toledo-Massillon  Bridge 
Company,  Toledo,  Ohio ;  all  the  drawbridges  over  Maumee  River  at  To- 
ledo, four  in  number,  which  included  our  own  bridge;  the  Michigan 
Central  Railroad,  Detroit,  Mich.;  our  Strobel  Retractile  drawbridge  at 
Delphos ;  E.  C.  Shankland,  Consulting  Engineer,  Chicago ;  C.  L.  Strobel, 
Civil  Engineer,  Chicago;  R.  Modjeski,  Consulting  Engineer,  Chicago; 
the  Scherzer  Rolling  Lift  Bridge  Company,  Chicago;  the  Rock  Island 
Railroad;  the  Chicago  &  Eastern  Illinois  Railroad;  the  Chicago  &  West- 
ern Indiana  Railroad ;  the  Chicago,  Milwaukee  &  St.  Paul  Railway ;  the 
Chicago  &  Northwestern  Railway;  the  Atchison,  Topeka  &  Santa  Fe 
Railway;  the  drawspan  at  Peoria  on  the  Toledo,  Peoria  &  Western  Rail- 
way; the  drawbridge  at  Rock  Island,  111.,  on  the  Chicago,  Rock  Island  & 
Pacific  Railway;  all' our  own  drawbridges,  viz.,  those  around  Chicago; 
one  at  Louisville ;  one  at  Zanesville,  Ohio,  and  one  at  New  Comerstown, 
Ohio. 

"The  'state  of  the  art'  is  as  follows : 
"Type  I — Rails  Lifting;  Revolving  Drazvspans: 

"The  rails  at  end  of  the  bridge  are  free  to  move  vertically  for  a 
length  of  from  10  to  30  feet ;  they  rest  in  chairs  on  the  ties,  or  between 
angle  irons  forming  a  trough.  The  rails  are  held  to  gage  by  bridle  rods. 
The  joint  in  rails  between  shore  rails  and  bridge  rails  is  over  the  back- 
wall,  and  at  that  point  the  rails  rest  in  chairs  or  seats,  the  joints  of  rails 
being  either  square,  mitered  or  halved.  These  movable  rails  are  attached 
to  the  mechanism  operating  the  end  lifts  or  wedges,  so  that  rails  are  lifted 
out  of  end  seat  in  order  that  bridge  may  be  revolved.  There  are  two 
methods  of  managing  these  movable  rails  when  lifted : 

"Class  A — The  lifted  rail  is  allowed  to  fall  into  its  seat,  and  there  rests 
merely  by  gravity. 

"Class  B — The  lifted  rail  is  pulled  down  by  the  mechanism  to  its  place. 

and  hence  cannot  be  moved  unless  the  end  lifts  are  moved. 

"Fully  50  per  cent,  of  the  revolving  drawbridges  are  provided  with 
attachments  of  this  Type  I,  the  older  bridges  being  Class  A  as  to  man- 
aging the  movable  rails,  the  new  bridges  of  Class  B.  Some  few  bridges 
also  have  the  rails  locked  up  with  the  signaling  device. 

"Type   II — Fixed   Rails.      Used   in   both   Revolting   Drazvspans   and   for 

Bascule  or  Trunnion  or  any  kind  of  Lift  Bridge: 

"In  this  type  the  rails  at  ends  of  bridge  are  fastened  firmly  to  the  ties 
as  in  a  fixed  span.  The  rails  where  joining  the  shore  rails  are  butt  or 
square  joints,  and  this  joint  occurs  over  the  backwall  in  lift  bridges,  and 
immediately  in  front  of  backwall  in  swing  bridges.  There  is  a  cast-steel 
coupler  or  slider  attached  to  the  bridge  rail  and  when  bridge  is  in  place 
sliding  forward  to  shore  rails,  the  coupler  or  slider  embracing  the  rails 
or  sides  and  underneath.  This  slider  or  coupler  has  trunnions  on  each 
side,  to  which  is  attached  the  operating  mechanism.  When  slider  is  in 
place  the  rails  are  fixed  both  vertically  and  laterally.  In  some  five  or 
six  cases  the  operating  mechanism  of  these  couplers  is  locked  up  with 
signaling  devices,  so  that  clear  signal  cannot  be  given  unless  the  coupler 
is  'home.'  In  the  recent  bridges,  on  the  slider,  outside  the  rail  head,  is 
a  tread  piece  of  hardened  or  tool  steel,  reversible  and  removable,  acting 
as  a  'Barschall'  Rail  Joint,  in  carrying  the  wheel  treads  over  the  open 
joint  in  main  rails. 
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"This  Type  II  rail  lock  is  the  standard  on  the  Lake  Shore  &  Michi- 
gan Southern  Railway  and  on  the  Michigan  Central  Railroad.  It  was 
also  used  by  John  N.  Ostrom  in  his  swing  bridge  for  the  Wheeling  & 
Lake  Erie  Railroad  at  Toledo,  which  was  built  in  i8g8,  where  it  is 
used  in  connection  with  mechanical  signals. 

"This  Type  II  is  also  used  in  the  Strauss  Trunnion  bridge  for  the 
Wheeling  &  Lake  Erie  Railroad  at  Cleveland,  Ohio.  It  is  also  used  in 
our  Bridge  No.  443  over  the  Calumet  River  at  South  Chicago  (Pitts- 
burgh, Fort  Wayne  &  Chicago  Railway),  where  it  is  operated  by  power 
from  center  of  bridge,  and  is  interlocked  with  the  signals. 

"Type  III — Fixed  Rails.     Revolving  and  Vertically  Moving  Bridges: 

"In  this  type  the  end  rails  are  fixed  or  spiked  down  to  the  ties  as  is 
the  case  in  Tyoe  II,  the  joint  in  rails  being  square  and  occurring  over 
the  free  space  between  end  of  drawspan  and  face  of  backwall.  The  end? 
of  rails  rest  in  cast  or  wrought  chairs  with  lugs  or  guides  outside  of 
rail.  There  is  a  tongue  of  cast  or  hardened  steel  operating  on  outside 
of  rail,  between  the  rail  and  aforesaid  lugs  or  guides.  The  operating 
mechanism  is  hence  entirely  outside  of  gage  line  of  rails  and  is  operated 
generally  in  connection  with  the  end  lifts  of  wedges. 

"This  Type  III  is  used  on  our  bridge  on  the  Calumet  Western  Rail- 
road, where  it  is  operated  by  hand  and  with  no  interlocking  or  signals. 

"A  very  good  improvement  is  that  the  chairs  or  seats  are  of  cast- 
steel,  and  the  tongue  of  hardened  tool-steel.  The  main  rail  is  planed 
down  to  a  width  of  about  2  inches  at  head,  and  the  tongue  is  slightly 
beveled  on  top  to  take  the  wheel  treads.  This  modified  type  is  in  use  at 
the  Rock  Island  drawspan  at  Rock  Island,  operated  jointly  by  the  United 
States  Government  and  the  Chicago,  Rock  Island  &  Pacific  Railway.  It 
is  also  to  be  used  by  R.  Modjeski  in  his  new  drawspans  at  Portland,  Ore- 
gon, for  the  Northern  Pacific  Railway. 

"In  a  somewhat  modified  form  it  is  in  use  at  our  Delphos  drawspan 
(Pittsburgh,  Fort  Wayne  &  Chicago  Railway).  Also  is  used  by  the 
Santa  Fe  Railway  in  its  quite  recent  drawspan  over  the  Illinois  River, 
where  it  is  not  interlocked. 

"A  modification  of  this  Type  III,  which  also  presents  features  com- 
mon to  Type  II,  is  in  use  at  the  drawspan  on  the  Pennsylvania  Railroad 
over  Delaware  River  at  Trenton.  This  device  has  a  wedge  action,  and  is 
operated  from  the  shore  span  outward  to  the  drawspan,  which  is  unusual. 
It  has  been  in  use  some  six  or  seven  years,  acts  well,  but  has  been  so 
poorly  maintained  that  the  rail  tread  is  worn  down  so  as  to  be  useless 
as  a  rail  joint. 

"Drawbridges  equipped  with  lift  rail  device  of  Type  I,  Class  A,  when 
not  interlocked,  we  consider  dangerous,  because  it  is  possible  that  rails 
may  not  be  home  (when  end  lifts  are  in  place)  and  the  operator  have 
no  knowledge  of  such  fact.  Drawbridges  equipped  with  lift  rail  device 
of  Type  I,  Class  B  (i.  e.  the  rails  pulled  down  to  place)  even  when  not 
interlocked,  we  do  not  consider  dangerous  per  se,  since,  if  for  any  reason 
the  rails  are  prevented  getting  in  place,  the  operator  has  knowledge  of  the 
fact  by  the  working  of  his  machinery.  However,  it  might  be  possible  to 
break  the  rail  pulls  and  no  knowledge  of  such  conveyed  to  operator;  also, 
the  integrity  of  the  device  is  so  dependent  upon  perfect  maintenance  and 
operation  that  we  consider  the  use  of  any  device  of  Type  I  (either  Class 
A  or  Class  B)  inadvisable,  unless  interlocked,  and  even  then  there  is 
possibility  of  the  movable  rails  being  broken  under  traffic,  and  this  really 
did  occur  on  a  Lake  Shore  &  Michigan  Southern  bridge  at  Sandusky. 
Also,  we  do  not  consider  the  use  of  angle-iron  guides  for  the  movable 
rail,  forming  a  trough  as  they  do,  at  all  desirable.  They  form,  between 
rail  head  and  angle,  places  where  anything  dropping  or  dragging  from  the 
train  may  lodge,  wedge  and  so  cause  trouble. 
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"Drawbridges  equipped  with  devices  of  Type  II  or  Type  III,  wc  con- 
sider safe,  even  when  not  interlocked,  provided  telltales  showing  the 
several  movements  of  pulling  the  end  bridge  latch;  end  lifts  or  wedges, 
and  rail  locks  are  shown  in  the  operator's  house.  When  interlocked, 
however,  such  devices  are  safe  beyond  peradventure. 

RECOMMENDATIONS. 

"In  view  of  the  uncertainties  in  devices  of  Type  I,  whether  Class  A 
or  Class  B,  and  considering  as  we  do  that  the  first  essential  of  perfect 
safety  is  that  rails  be  spiked  down,  i.  e.,  that  there  is  no  stretch  of  loose 
or  unspiked  rail,  we  recommend  that  all  our  bridges  be  equipped  at  an 
early  date  with  devices  of  Type  III,  preferring  Type  III  rather  than 
Type  II,  because  all  the  operating  members  come  on  outside  of  rail,  and 
hence  nothing  between  gage  line  of  rails  to  be  harmed  by  trailing  brake- 
beams  or  such  like. 

"We  further  recommend  the  use  of  the  rail  lock  shown  by  the  sketch 
attached,  which  is  in  all  essentials  the  one  used  by  R.  Modjeski  at  his 
Rock  Island  drawspan,  and  to  be  used  for  his  new  Portland  drawspan. 
This  is  a  minor  modification  of  the  locks  we  have  in  use  at  our  bridge 
over  the  Calumet  River,  South  Chicago,  and  used  in  the  Santa  Fe  bridge 
over  the  Illinois  River. 

"We  also  recommend  that  the  rail  locks  be  interlocked  in  case  of  all 
bridges  which  are  frequently  turned." 

Since  the  above  report  the  square-end  rails  with  sliding  tongues  have 
been  largely  used,  while  extensive  use  has  also  been  made  of  mitered 
rail  ends.  On  account  of  the  comparatively  even  and  continuous  surface 
offered  by  the  mitered  ends  they  ride  more  smoothly  and  quietly  than 
the  square  ends,  and  the  reduced  pounding  causes  less  wear  and  less 
danger  of  breakage  than  with  the  square  ends.  The  mitered  rails  need 
not  be  loose,  as  they  can  be  so  supported  as  to  be  much  more  secure  than 
switchpoints. 

As  the  wearing  surface  of  the  easer  bar  or  sliding  tongue  used  with 
square  ends  must  of  necessity  be  outside  the  rail  head,  the  bearing  of 
the  wheel  tread  is  widened  for  a  short  distance  through  which  the  easer 
bar  carries  the  wheel  over  the  joint. 

For  the  exact  tire  wear  for  which  the  top  of  the  bar  is  adjusted  there 
will  be  no  lifting  of  the  wheels;  wheels  with  less  wear  must  drop  into 
the  opening  between  the  rail  ends  before  coming  down  on  the  easer  bar; 
wheels  with  greater  wear  strike  the  easer  bar  sooner  and  are  lifted  over 
the  open  space.  In  any  case  the  weight  is  transferred  from  rail  to  bai 
to  rail  in  a  small  fraction  of  a  second;  the  resultant  pounding  rapidly 
wears  down  both  rail  ends  and  easer  bar  and  causes  hard  noisy  riding. 

Among  the  roads  using  square-end  connections  with  rails  spiked  down 
for  the  full  length  on  the  movable  span  and  approaches  and  provided 
with  sliding  tongues  or  shoes  are  the  following: 

Atchison,  Topeka  &  Santa  Fe : 
Boston  &  Maine ; 
Baltimore  &  Ohio; 
Chicago  Great  Western ; 
Chicago,  Milwaukee  &  St.  Paul ; 
Chicago,  Rock  Island  &  Pacific; 
Grand  Trunk ; 
Illinois  Central; 
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Lake  Shore  &  Michigan  Southern ; 

Lehigh  Valley; 

Michigan  Central ; 

New  York,  Chicago  &  St.  Louis ; 

New  York,  New  Haven  &  Hartford ; 

Pennsylvania  Lines  West; 

St.  Louis  &  San  Francisco. 

The  reports  of  these  roads  indicate  that  approximately  four  times  as 
many  roads  use  the  sliding  bar  or  easer  outside  the  rail  as  those  roads 
that  use  a  sliding  shoe  of  the  Lake  Shore  type,  completely  enclosing  the 
rail. 

The  Chicago,  Milwaukee  &  St.  Paul  reported  using  sliding  easer 
bars  at  the  ends  of  a  drawspan  near  a  yard,  but  account  of  switch  en- 
gines operating  frequently  over  the  bridge  the  moving  parts  were  diffi- 
cult to  operate  on  account  of  accumulation  of  sand  and  debris,  for  which 
reason  their  use  was  abandoned  and  other  arrangements  made ;  similar 
troubles  have  been  reported  by  other  roads.  The  reports  also  indicate  that 
this  arrangement  does  not  result  in  smooth  riding. 

Among  the  roads  using  mitered  and  lapped  rail  ends  with  rail  lifts 
are  the  following : 

Atlantic  Coast  Line ; 
Baltimore  &  Ohio; 
Chicago  &  Northwestern  ; 
Chicago,  Milwaukee  &  St.  Paul; 
Central   Railroad   of   New  Jersey ; 
Philadelphia  &  Reading; 
Illinois  Central ; 
Seaboard  Air  Line. 

The  ends  of  these  rails  are  bent  and  heads  and  flanges  planed  off 
so  that  the  full  webs  and  rail  ends  lap  by  12  inches,  giving  practically  a 
continuous  bearing  surface,  the  ordinary  width  of  the  rail  head.  The  lift 
rails  vary  in  length  from  15  to  30  feet  and  are  held  to  true  gage  by  bridle 
rods  at  intervals  and  held  in  line  by  chairs  consisting  of  individual  or 
continuous  troughs.  The  same  style  of  miter  rail  is  also  used  on  a  num- 
ber of  lift  bridges  on  which  the  rails  are  spiked  down  for  full  length  of 
movable  and  fixed  spans. 

Many  roads  still  use  lift  rails  with  the  ends  cut  square  with  nothing 
to  hold  them  in  line  other  than  the  chairs  in  which  they  rest,  meeting 
the  ends  of  the  approach  rails  in  chairs  on  the  ends  of  the  approach 
spans  or  backwall. 

A  slight  departure  from  this,  having  the  rail  ends  sawed  off  at  an 
angle  of  about  30  degrees,  is  also  in  use. 

The  miter  rail  used  by  the  Pennsylvania  Railroad  (Lines  East)  has 
the  ends  sawed  at  an  angle  of  about  45  degrees,  but  the  space  between 
lift  rail  and  fixed  rail  on  approach  is  bridged  by  a  short  stretch  of  fixed 
easer  consisting  of  rail  section  planed  to  fit  and  bolted  to  the  outside  of 
the  end  of  the  fixed  rail,  overlapping  the  end  of  the  fixed  rail  18  inches 
and  overlapping  the  end  of  the  lift  rail  12  inches. 

On  a  number  of  lift  bridges  the  outside  of  the  rail  head  on  the  lift 
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span  is  planed  off  for  a  length  of  18  inches  and  an  easer  bar  30  inches 
long  riveted  to  each  lift  rail  with  12-inch  overhang,  which  slides  by  and 
fits  up  against  the  end  of  the  fixed  rails  on  the  approach  spans. 

The  Long  Island  Railroad  has  in  use  long  beveled  rails  similar  to 
switchpoints,  fitting  against  wing  or  stock  rails  on  two  drawbridges  over 
"jV2  years,  carrying  400  to  500  trains  daily;  one  double-track  bridge  with 
points  trailing  traffic  in  normal  direction  and  one  single-track  bridge  with 
points  trailing  traffic  entering  the  drawspan.  Guard  rails  are  attached 
to  the  sides  of  the  lift  rails  at  each  end  of  the  bridge.  The  devices  have 
never  given  any  trouble.     The  lift  rails   are  interlocked   with  the  signal 
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mechanism  and  report  indicates  that  it  is  impossible  to  have  the  rail 
blocked  or  in  any  way  out  of  place  and  get  a  clear  indication  of  the 
signal. 

Perhaps  the  most  complete  rail  end  connection  is  a  patented  device 
in  use  on  the  Nashville,  Chattanooga  &  St.  Louis.  It  consists  of  switch- 
points  on  the  draw  facing  toward  the  end  about  8  feet  from  the  approach. 
The  switchpoints  are  backed  up  by  stock  or  wing  rails  which  extend  over 
the  gap  of  8  feet  to  the  end  of  the  draw  and  reach  over  onto  the  approach 
span,  the  square  ends  of  the  rails  being  held  between  angle  bars  in  con- 
tact with  the  scpiare  ends  of  the  approach  rails.  The  stock  or  wing  rails 
are  withdrawn  from  the  angle  bars  and  driven  into  them  by  the  rail 
operating  mechanism.  The  movable  rails  rest  on  bearing  plates  and  are 
held  to  true  position  by  screw  spikes,  eliminating  the  possibility  of  their 
movement  laterally.     This  device  was  adopted  after  long  experience  with 
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square  ends,  beveled  rail  lifts,  easer  rails,  etc.,  and,  if  properly  installed 
and  maintained,  is  undoubtedly  the  safest  of  the  rail-end  connections. 

There  are  various  other  types  of  rail-end  connections  in  use,  some  of 
which  consist  of  fixed  easer  bars  similar  to  those  already  described  but 
welded  or  forged  onto  the  rail  ends. 

Where  rail  heads  are  planed  off  to  fit  easers  it  is  customary  to  leave 
a  width  of  head  of  2  inches  in  the  running  rail,  although  in  some  cases 
the  heads  are  planed  off  even  with  the  face  of  the  web,  while  in  other 
cases  the  head  is  not  planed  at  all.  Unless  the  easer  bars  are  made  of 
special  steel  they  will  wear  rapidly.  Crucible  steel,  nickel  steel  and  man- 
ganese steel  have  given  good  results. 

Regardless  of  the  type  of  rail-end  connection,  creeping  must  be  ab- 
solutely avoided,  either  by  use  of  sufficient  anti-rail  creepers  or  by  in- 
serting switchpoints  in  the  track  at  proper  places,  the  latter  in  every  case 
being  protected  by  guard  rails  against  the  opposite  rail. 

On  account  of  the  special  joint  at  the  rail  ends  special  precautions 
must  be  taken  in  the  design  of  the  ends  of  approach  spans  and  drawspans, 
particularly  in  the  details,  in  order  that  the  structural  work  may  not  be 
broken  down  under  the  unusual  impact. 

Special  locks  are  used  on  lift  spans  for  lining  purposes,  which  locks 
cannot  be  driven  home  until  the  lift  spans  have  reached  the  final  position. 
On  drawspans  there  are  comparatively  few  departures  from  the  well- 
known  vertical  end  latch,  which  engages  a  casting  on  the  bridge  seat. 
While  the  end  latches  are  very  necessary  for  stopping  swing  bridges  at 
nearly  the  correct  position,  they  should  not  be  relied  upon  to  automatically 
line  the  bridges  as  is  the  present  almost  universal  practice,  but  the  end- 
lifting  device  should  be  so  designed  as  to  permit  of  more  accurate  lining. 

Two  special  types  of  lock  bars  for  drawspans  were  reported,  but 
they  appear  entirely  inadequate  to  remove  any  appreciable  distortion  of  a 
long  drawspan  due  to  inequalities  in  temperature. 

Comparatively  few  bridges  are  reported  as  having  end-lifting  devices 
so  designed  as  to  bring  the  bridge  end  to  exact  alinement.  The  informa- 
tion at  hand  indicates  about  equal  use  of  toggles  and  sliding  wedges  for 
vertical  adjustment.  The  bearing  blocks  and  bed  plates  in  connection 
with  either  arrangement  can  readily  be  provided  with  the  necessary  slop- 
ing surfaces  to  force  the  bridge  ends  to  correct  line.  Either  type  lends 
itself  readily  for  interlocking  with  the  rail  ends,  the  signaling  and  the 
operating  machinery,  as  may  be  desired. 

The  practice  as  to  interlocking  the  various  parts  of  the  bridge-operat- 
ing mechanism  each  with  the  others  and  with  the  signals  is  far  from 
standard,  as  widely  different  arrangements  are  reported  by  a  number  of 
different  roads.  In  some  cases  the  end-lifting  mechanism  and  rail-operat- 
ing mechanism  are  interlocked:  in  other  cases  directly  connected.  In 
some  cases  only  the  rail-operating  machinery  is  interlocked ;  in  others 
also  the  end-lifting  mechanism.  One  road  reports  the  sliding-rail  sleeves 
connected  up  with  the  automatic  signals,  copper  tongue  on  the  side  of 
one  of   the  -rail  locks   entering   a    forked   contact   on   the   approach    span 
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when  the  rail  lock  is  driven  home  and  automatically  clearing  the  signal. 
In  the  reverse  movement  the  signal  goes  to  "Danger." 

Illustrations  accompanying  the  report  show  several  designs  of  mitered 
rail-end  connections  and  sliding  sleeves,  eascr  bars  and  wing  rails,  as  well 
as  several  details  illustrating  the  adaptation  of  the  designs  to  interlocking. 

DISCUSSION. 

Mr.  Himes : — Perhaps  Mr.  McDonald  will  describe  the  appliance  Mr. 
Smith  referred  to. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  :— Mr. 
Smith  has  already  described  it  as  well  as  I  could  do.  It  has  been  in  use  on 
two  drawbridges  on  our  lines  for  about  four  years.  On  one  of  them  we 
have  about  60  trains  a  day.  It  was  developed  as  a  result  of  complaints  on 
the  part  of  the  Signal  Department,  that  they  could  not  properly  maintain 
the  interlocking  where  square  joints  with  easer  rails  were  used.  It  was 
thought  that  the  split  rail  raised  up  was  not  a  safe  device.  Constant 
complaints  from  the  Signal  Department,  coming  through  the  management, 
drove  us  to  some  other  device.  It  provides  for  the  movement  of  a  stock 
rail  alongside  of  a  split  switchpoint.  The  split  switchpoint  is  confined  to 
the  stock  rail,  by  means  of  a  permanent  cuff.  It  cannot  separate  more 
than  one-sixteenth  of  an  inch,  but  allows  easy  longitudinal  movement  of 
the  stock  rail.  There  is  no  danger  in  using  the  splitpoints  in  the  main 
line  under  these  conditions.  As  soon  as  the  stock  rail  is  driven  home  into 
the  socket  prepared  for  it  on  the  fixed  span,  a  heel  block  is  driven  behind 
it  by  means  of  the  interlocking  which  holds  it  in  position.  That  heel 
block  is  of  course  necessary  to  keep  the  stock  rail  from  coming  out  in 
case  an  engine  should  stop  on  the  bridge  and  slip.  Our  attention  was 
brought  to  its  necessity  on  that  very  account.  It  is  removed  by  the  same 
lever  which  sets  the  danger  signal. 

I  can  only  say  that  since  we  put  it  in  about  four  years  ago,  our  ex- 
penses for  repairs  have  been  very  small.  One  was  installed  on  a  draw- 
bridge 397  ft.  in  length  and  the  other  on  a  drawbridge  365  ft.  in 
length,  the  latter  being  opened  about  three  times  a  week  and  the  former 
about  three  times  a  day. 

Mr.  Himes : — I  would  like  to  get  into  this  discussion  a  paragraph 
from  the  book  by  F.  E.  Turneaure,  J.  B.  Johnson  and  C.  W.  Bryan  on 
"Modern  Framed  Structures,"  relating  to  end-lifting  arrangements.  I 
submit  it  for  the  purpose  of  placing  before  you  a  statement  of  the  need 
for  properly  supporting  the  ends  of  a  bridge : 

"End  Lifting  Arrangements.— In  the  early  designs  for  swing  bridges 
very  little  attention  was  paid  to  the  proper  elevation  of  the  ends  of  the 
arms  when  the  bridge  is  closed:  and  even  at  this  late  day  a  great  many 
important  swing  bridges  are  built  by  contractors  with  an  utter  disregard 
of  the  condition  of  the  end  supports.  In  fact,  the  majority  of  swing 
bridges  have  no  provisions  for  lifting  the  ends  whatever ;  while  others 
have  all  kinds  of  makeshifts,  which  generally  shirk  their  duty  entirely.  It 
is  safe  to  say  that  in  this  country  it  is  the  exception  to  find  a  swing 
bridge  where  proper  provision  is  made  for  raising  the  ends  when  the 
bridge  is  closed.    It  has  been  shown  in  Chapter  XII,  that  if  the  ends  are 
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not  raised  we  cannot  obtain  the  conditions  necessary  for  a  beam  con- 
tinuous over  three  rigid  supports.  In  other  words,  if  the  ends  are  not 
raised,  we  must,  in  our  analysis  for  finding  the  stresses,  make  an  assump- 
tion which  will  satisfy  this  condition  of  the  ends  under  the  extreme  varia- 
tions of  temperature.  Now,  it  is  difficult  to  say  just  what  this  condition 
should  be.  Furthermore,  if  the  ends  are  left  free  to  hammer,  under  ex- 
treme variations  of  temperature,  the  ends  may  be  thrown  out  of  line  so 
far  as  to  cause  derailment  of  a  train  coming  on  the  bridge.  In  fact,  a 
swing  bridge,  wherein  no  proper  provision  is  made  for  raising  the  end, 
is  a  dangerous  structure  at  all  times." 

Mr.  A.  W.  Carpenter : — I  think  we  ought  to  make  some  progress  on 
this  subject,  and  to  get  something  into  the  Proceedings  as  adopted.  I 
would  therefore  offer  this  motion,  on  the  interlocking  of  the  signal  and 
bridge  functions : 

"The  bridge  operating  functions  shall  be  interlocked  with  the  signal 
system  in  such  a  manner  that  none  of  the  functions  for  opening  can  be 
performed  until  the  signals  have  been  set  at  stop  indication  and  so  that 
the  signals  cannot  be  set  at  proceed  indication  until  all  of  the  functions 
for  closing  have  been  completed. 

"The  bridge  operating  functions  shall  be  interlocked  with  each  other 
so  that  they  must  be  performed  in  a  predetermined  order,  both  for  open- 
ing and  for  closing." 

Mr.  Thos.  S.  Stevens  (Santa  Fe)  : — I  would  like  to  see  that  motion 
changed  so  that  the  home  signals  shall  be  put  at  stop,  or  that  the  signals 
shall  be  put  to  give  the  stop  or  caution  indication.  That  is  not  a  very 
good  statement,  though.  We  want  one  signal  at  stop,  and  that  is  really 
what  is  in  interlocking  parlance  known  as  the  home  signal,  and  then 
there  will  be  another  signal  some  distance  from  that  which  will  give  the 
caution  indication  for  that  stop  indication.  I  think  it  would  be  advisable 
to  put  the  motion  as  requiring  that  the  home  signals  shall  display  the 
stop  indication. 

Mr.  A.  W.  Carpenter : — My  understanding  would  be  that  you  would 
have  this  clause  read  in  this  way :  "Bridge  operating  functions  shall 
be  interlocked  with  the  signal  system  in  such  manner  that  none  of  the 
functions  for  opening  can  be  performed  until  the  home  signals  have  been 
set  at  stop  indication." 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  think  the  case  would  be 
covered  if  we  say  "until  the  signals  controlling  the  movement  of  trains 
over  the  draw  have  been  set  at  stop  indication." 

Mr.  A.  W.  Carpenter : — We  will  accept  that. 

Mr.  Thos.  S.  Stevens : — A  caution  indication  controls  movements  over 
the  draw  just  as  much  as  the  home  signal  indication  does.  I  simply  want 
to  prevent  confusion,  because  there  will  be  signals  which  properly  will  be 
allowed  to  give  a  caution  indication,  which  gives  specific  indications  for 
the  trains  actually  passing  over  the  draw  in  the  proceed  indication.  I 
think  if  the  gentleman  would  use  the  words  "home  signal,"  it  would 
cover  the  case  entirely. 

Mr.  W.  H.  Elliott  (New  York  Central)  : — Is  Mr.  Carpenter's  motion 
made  for  the  purpose  of  having  the  matter  received  as  information  or 
as  a  standard  to  be  entered  in  the  Manual?    In  my  opinion  it  is  important 


RAIL-END  CONNECTIONS  FOR  DRAWBRIDGES  157 

that  anything  that  is  to  go  in  the  Manual  shuuld  be  carefully  considered 
so  that  there  will  be  no  misunderstanding  as  to  its  meaning,  and  if  it  is 
something  to  be  formally  adopted,  I  believe  it  should  be  held  over  for 
further  consideration. 

Mr.  Low  eth  : — I  would  like  to  inquire  whether  the  motion  offered 
provides  that  all  drawbridges  shall  be  interlocked.  If  the  intent  of  the 
motion  is  to  interlock  all  drawbridges,  it  seems  to  me  that  it.  should  not 
be  approved,  as  there  are  many  bridges  for  which  there  is  no  necessity 
of  interlocking.  The  speaker  knows  of  many  drawbridges  where  there 
are  not  more  than  four  to  six  trains  daily,  all  unimportant,  and  where 
the  bridges  are  opened  but  a  few  times  each  navigation  season.  In  such 
cases,  and  there  are  many  such,  interlocking  is  certainly  not  necessary. 
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Rail  Lock — Sliding  Shoe.     Missouri  Pacific  Railway. 


Stanhakh  Drawbridge  Locking.     Central  Railroad  of  New  Jersey. 
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Kail  Lock.     Chicago.  Milwaukee  &  St.  Paul  Railway, 


Easer   Rail. 
Rail  Locks  for  Lift  Span.     Chicago  Great  Western   Railroad. 
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Lining   Device.     Interstate  Bridge,   Duluth,  Minn. 
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Bolt  Lock  for  End  Wedge.     Michigan  Central  Railroad. 
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Signal   Apparatus   for   Drawbridges.     Seaboard   Air   Line. 
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Latch  Catch.    Baltimore  &  Ohio  Railroad. 


171) 


RAIL-END  CONNECTIONS   FOR   DRAWBRIDGES. 


^gg  pS^^h'/? 


Latch  Bar.     Baltimore  &  Ohio  Railroad. 


Latch.     Newark  Bay  Draw. 
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Rail  Shoe.     Pennsylvania  Railroad. 


CONCLUSIONS. 

REQUIREMENTS  FOR  THE  PROTECTION   OF  TRAFFIC  AT   MOVABLE  BRIDGES. 

The  protective  appliances  at  drawbridges  consist  in  devices  for  in- 
suring that  the  bridge  is  in  proper  position,  and  the  track  in  condition 
for  the  passage  of  trains  over  draw,  or  for  reduction  to  a  minimum  of 
the  damage  in  case  of  trains  not  stopping  when  track  is  not  itt  condition 
for  passage  of  same  over  draw ;  also  the  usual  devices  for  protection 
against  damage  in  case  of  derailment. 

The  protective  devices  may  be  classified  under  the  headings : 

(A)  Interlocking  power  and  bridge  devices. 

(B)  Bridge  surfacing,  aligning  and  fastening  devices. 

(C)  Rail-end  connections. 

(D)  Signaling  and  interlocking. 

(E)  Guard  rails. 

(A)  Interlocking  Poivcr  and  Bridge  Devices. — Interlocking  the 
drawbridge  devices  so  that  their  movements  must  follow  in  a  predeter- 
mined order  to  protect  the  drawbridge  machinery. 

(B)  Bridge  Surfacing,  Aligning  and  Fastening  Devices. — Draw- 
bridges should  be  equipped  with  proper  mechanism  to  surface  and  align 
them  accurately  and  fasten  them  securely  in  position.  This  condition  can 
be  secured  by  the  use  of  efficient  end  lifts  in  case  of  swing  bridges,  and 
by  proper  end  locks  in  case  of  lift  bridges. 

(C)  Rail-End  Connections. — Rail  ends  may  be  mitered  or  cut  square. 
Mitered  rails  where  lapped  should  retain  the  full  thickness  of  the  web  to 
the  points.  The  points  should  be  trailing  to  normal  traffic  where  pos- 
sible; on  single-track 'bridges  the  points  should  be  trailing  to  traffic  enter- 
ing the  movable  span. 

Where  rail  ends  are  cut  square  or  mitered  and  not  lapped,  they  should 
be  connected  by  sliding  sleeve  or  joint  bars  or  by  easer  rails  to  carry  the 
wheels  over  the  opening  between  the  end  of  bridge  and  approach  rails. 

(D)  Signaling  and  Interlocking. — If  trains  are  to  proceed  over 
drawbridges  which  are  in  service,  without  first  stopping,  interlocking 
should  be  installed  which  will  provide  that  the  drawspan,  tracks  and 
switches  within  the  limits  of  the  plant  are  locked  in  the  proper  position. 
This  will  require: 

(i)     Locking   drawbridge   devices. 

(2)  Locking  providing  for  the  proper  order  of  operation  of  signal- 
ing devices,  such  as  signals,  switches  and  derails. 

This  interlocking  will  require  the  following  order  of  operation: 

Before  Operating   Trains  Over 
Before  Opening  a  Drawbridge.  Drawbridge. 

i.  Display  stop  signals.  1.  Lock  bridge  and  rail  devices. 

2.  Unlock  rail  and  bridge  devices.  2.  Display  clear  signals. 

Since  there  are  various  types  and  designs  of  drawbridges  and  vari- 
ous  drawbridge   devices   for  each   of  the  types,  and  also  various   designs 
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and  types  of  signaling  devices,  as  well  as  various  locations,  from  which 
they  all  may  be  interlocked  and  operated,  a  typical  example  only  of  the 
detail  order  of  operations  is  given ;  viz.,  a  swingbridge  with  all  its  devices 
operated  from  one  location  on  the  drawspan,  having  home  and  distant 
signals,  derails,  etc. : 


To   Open  Drawbridge. 

Display  stop  signals. 

Unlock  derails. 

Open  derails. 

Uncouple  interlocking  connec- 
tions. 

Unlock  rail-end  connections. 

Unlock  bridge  surfacing,  align- 
ing and  fastening  devices. 

Operate  power-controlling  de- 
vice to  position  permitting 
application  of  power  to  bridge 
machinery. 

Withdraw   rail-end  connections. 

Withdraw  bridge  surfacing, 
aligning  and  fastening  de- 
vices. 


To  Pass  Trains  Over  Drawbridge. 
i.  Close  bridge. 

2.  Insert  bridge  surfacing,  aligning 

and  fastening  devices. 

3.  Insert  rail-end  connections. 

4.  Operate    power-controlling     de- 

vice to  position  preventing 
application  of  power  to  bridge 
machinery. 

5.  Lock  bridge  surfacing,  aligning 

and  fastening  devices. 

6.  Lock  rail-end  connections. 

7.  Couple  interlocking  connections. 

8.  Close  derails. 

9.  Lock  derails. 

10.  Display  clear  signal. 


10.  Open  bridge. 

Derails. — The  above  example  of  order  of  operation  includes  derailing 
switches,  but  their  use  is  not  recommended  in  all  cases.  Each  situation 
must  be  given  special  study  with  respect  to  (a)  the  use  of  derails,  smash 
boards  or  similar  devices ;  (b)  their  location  with  respect  to  drawspan, 
and  (c)  the  use  and  length  of  guard  rails. 

(E)  Guard  Rails. — Guard  rails  should  be  provided  as  for  fixed 
bridges,  except  for  the  necessary  breaks  at  the  ends  of  the  movable  span. 
Obstructions  to  derailed  wheels  which  are  guided  by  the  guard  rails 
should  be  reduced  to  a  minimum. 


Appendix  H. 

BEARING    METALS. 

By  Geo.  H.  Tinker, 

Bridge  Engineer,  New  York,  Chicago  &  St.  Louis  Railroad. 

A  bearing  metal  should  have  a  low  co-efficient  of  friction,  high  re- 
sistance to  wear  and  sufficient  strength  to  resist  distortion  by  crushing. 
In  the  case  of  gears  and  screws  a  certain  tensile  strength  and  resilience 
are  also  required. 

The  final  criterion  for  the  suitability  of  a  metal  for  a  specific  pur- 
pose is  its  behavior  under  actual  use.  To  determine  the  probable  be- 
havior of  a  metal  submitted  for  such  purpose  the  nearer  the  test  applied 
duplicates  the  actual  conditions  of  service  the  greater  our  confidence  in 
the  probable  outcome.  It  is  also  necessary  that  the  test  should  be  easily, 
quickly  and  cheaply  applied,  and  last,  but  most  important,  it  should  give 
concordant  results. 

Friction  tests  are  difficult  to  make.  So  also  are  wear  tests.  Re- 
silience tests  are  unsatisfactory.  There  remain  compression  and  tension 
tests,  which  fulfill  all  the  requirements  of  a  test  except  that  it  appears 
doubtful  if  they  furnish  sufficient  evidence  of  the  probable  behavior  of 
bearing  metals  in  service. 

Our  knowledge  of  the  nature  of  the  phenomenon  of  friction  is  theo- 
retical. Latest  theories  lead  to  the  corollary  that  the  harder  a  substance 
the  greater  its  anti-friction  qualities.  There  is  some  evidence  of  a  defi- 
nite relation  between  hardness  and  tensile  strength.  The  existence  of  a 
definite  relation  between  hardness  and  compressive  strength  is  not  estab- 
lished. As  to  the  relation  between  hardness  and  resilience,  there  is  a 
point  in  the  hardness  scale  where  hardness  is  accompanied  by  brittleness 
and  resilience  decreases.  It  thus  appears  that  hardness  may  or  may  not 
indicate  the  presence  of  the  qualities  desired  in  a  bearing  metal. 

There  is  some  evidence  that  the  ability  to  resist  wear  is  indicated 
by  density  rather  than  hardness.  The  suggestion  of  adding  a  small 
amount  of  lead  to  phosphor  bronze  has  been  made  with  the  idea  of  in- 
creasing density.  It  is  undoubtedly  true  that  the  addition  of  lead  tends 
to  raise  the  friction  co-efficient,  but  it  does  not  follow  that  the  metal 
having  the  most  desirable  qualities  will  have  the  lowest  co-efficient  of 
friction.  It  is  not  shown  that  the  several  qualities  desired  follow  the  same 
law ;  they  may  be  antagonistic,  in  which  case  the  most  suitable  compromise 
must  be  chosen. 

It  is  recognized  that  neither  compression  nor  hardness  tests  on 
bronzes  always  give  concordant  results,  owing  to  the  effect  of  various 
conditions  of  manufacture.  That  is  one  very  good  reason  for  con- 
trolling the   chemical   composition  within   narrow  limits. 
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Although  the  making  of  hardness  tests  has  increased  in  the  last 
few  years,  the  data  are  not  yet  sufficient  to  enable  a  definite  set  of  figures 
to  be  adopted  for  bearing  metals.  There  is  not  yet  evidence  to  show 
that  a  bronze  of  a  given  hardness  is  the  most  suitable  for  a  specified 
use.  It  should  be  kept  in  mind  that  the  hardness  test  is  an  indirect  test. 
A  metal  is  suitable  for  a  bearing  not  because  it  is  hard,  but  because  be- 
ing hard  it  is  likely  to  have  a  low  frictional  resistance,  or  is  likely  to 
wear  well,  or  is  likely  to  be  able  to  sustain  a  certain  pressure  without 
distortion.  In  the  case  of  steels  the  hardness  values  corresponding  to 
certain  specific  qualities  are  better  known. 

The  compression  test  is  a  direct  test  of  one  of  the  qualities  desired 
and  should  not  be  discarded  until  we  are  better  and  more  definitely  in- 
formed as  to  the  proper  hardness  numbers.  To  this  end  the  collection  of 
data  should  be  at  once  undertaken  by  all  users  of  bearing  metals. 

The  extracts  in  Appendix  A  are  from  the  Proceedings  of  the  Sixth 
Congress  of  the  International  Association  for  Testing  Materials,  and 
show  the  need  of  further  data  on  the  proper  hardness  of  bearing  metals. 
In  the  paper  by  A.  Portevin  and  E.  Nusbaumer,  the  table  headed  Ball- 
Hardness  has  been  rearranged  in  the  order  of  the  resistance  to  wear  and 
the  hardness  numbers  computed. 

Reference  is  also  made  to  the  work  of  the  Society  of  Automobile 
Engineers  on  the  hardness  of  various  alloy  steels. 

In  the  specifications  presented  in  Appendix  B  the  customary  tests 
are  retained  and  provision  made  for  the  accumulation  of  data  as  to  hard- 
ness of  bronzes,  which  may  be  later  compared  with  the  record  of  service. 

If  it  develops  that  the  hardness  number  is  a  reliable  criterion  of  suit- 
ability of  a  bronze  for  a  specific  use,  the  hardness  test  may  later  be 
made  a  requirement  for  acceptance. 

EXPERIMENTAL  TESTS  OF  WHITE  METALS   FOR   ENGINES. 
By  Nino  Pecoraro. 

On  the  acceptance  tests  of  white  metals,  the  compression  tests  ap- 
pear suitable  for  arriving  at  an  estimate  as  to  how  far  the  respective 
metal  will  be  able  to  satisfy  the  conditions  of  compression  without  un- 
dergoing any  practically  inadmissible  deformation. 

Abrasion  tests  appear  always  most  desirable  since  the  resistance  to 
abrasion  is  an  important  characteristic  of  anti-friction  alloys.  These 
tests  are,  however,  neither  easily  conducted,  nor  can  they  rapidly  be 
carried  out.  It  would,  nevertheless,  be  advantageous  to  substitute  for 
them  some  simple  experiments,  which  would  likewise  enable  us  to  make 
a  comparison  between  different  alloys  as  regards  their  resistance  to  abra- 
sion. The  hardness  test  by  the  Brinell  method  constitutes  such  an  ex- 
pedient. Further  experiments  to  elucidate  this  matter  more  fully  would 
be  desirable. 

The  determination  of  the  hardness  number  of  anti-friction  alloys  of 
equal  chemical  compositions  may  perhaps  supply  us  with  the  possibility 
of   establishing   a    comparison    in   broad    features   between    the   different 
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alloys  as  to  their  suitability  for  diminishing  friction.  If  this  should  be 
confirmed,  the  exact  determination  of  the  average  hardness  numbers  of 
anti-friction  alloys  would  acquire  an  extraordinary  importance,  because 
it  would,  in  many  cases,  enable  us  to  arrive  at  a  quick  estimate  in  the 
place  of  the  tedious,  expensive  and  difficult  friction  test,  for  which,  more- 
over, suitable  arrangements  are  not  always  available. 

HARDNESS    TESTING    AND    RESISTANCE    TO    MECHANICAL 

WEAR. 

By  E.  E.  Saniter. 

The  general  conclusions  are  that,  while  a  high  Brinell  number  may 
be  expected  to  give  better  wear,  there  are  so  many  exceptions  that  its 
use  for  the  purpose  of  indicating  wearing  properties  is  unreliable  as  far 
as  the  methods  of  wear  testing'  reviewed  are  concerned.  The  relation  of 
either  Brinell  tests  or  wear  tests  to  wear  in  actual  practice  requires  in- 
vestigation. 


NOTE  ON  WEAR  OF  BRONZES. 

By   A.   PORTEVIN   AND  E.    NuSBAUMER. 


NOTES   FROM   PROCEEDINGS  OF  INTERNATIONAL  ASSOCIATION  FOR  TESTING   MAT1 
RIALS.      SIXTH    CONGRESS. 


/      It     H    U     it    it    S*    'i    f*     'o     "    J*    "t     '* 

Pressures  in  kg/cm2. 


Courbes  moyennes  =  Curves  of  means. 
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BALL-HARDNESS. 


Diameter 

Extreme 

Mark. 

c 

if  Impression. 

Deviations.     Hardness  Number. 

Di 

4-325 

±•175 

65 

D2 

3-9 

±  .1 

80 

D7 

3-45 

±.05 

103 

D8 

2.9 

±.05 

148 

D5 

4.1 

±  .1 

77 

D6 

3-9 

±  .1 

80 

D3 

3-65 

±•15 

92 

D4 

2.520 

±•075 

146 

Pressure  =  1000  kg. 

Diameter  0: 

E  ball  = 

:  10  mm. 

CHEMICAL 

COMPOSITION. 

Mark. 

Cu 

Sn 

P 

Pb 

Fe 

Zn 

Di 

91.12 

5-73    ' 

O 

O.I-2 

0.15 

2.68 

D2 

88.31 

8.78 

O 

trace 

0.31 

2.40 

D3 

84-45 

13.89 

O 

0.23 

0.04 

1.22 

D4 

80.22 

19.16 

O 

trace 

0.13 

o.43 

D5 

94.80 

5-o8 

O.OII 

0 

0 

0 

D6 

89-54 

10.02 

0.012 

0 

0.05 

0.21 

D7 

8545 

1442 

0.015 

0 

0.05 

trace 

D6 

80.11 

19.79 

0.020 

0 

0.08 

trace 

SPECIFICATIONS  FOR  PHOSPHOR  BRONZE  BEARING  METALS 
FOR  TURNTABLES  AND  MOVABLE  BRIDGES. 

i.  Phosphor  bronze  for  bearings  shall  be  a  homogeneous  alloy  of 
copper  and  tin.  It  shall  be  made  from  new  metals,  except  that  scrap  of 
known  composition  and  produced  by  the  foundry  at  which  the  bronze  is 
•cast  may  be  used. 

2.  The  phosphorus  shall  be  introduced  in  the  form  of  phosphor 
copper  or  phosphor  tin.  There  shall  be  no  sulphur  in  the  metal.  Unspeci- 
fied elements  shall  not  exceed  0.5  per  cent. 

3.  The  alloy  shall  be  cast  into  ingots  and  allowed  to  cool,  and  the 
castings  poured  from  the  remelted  ingots.  Care  shall  be  exercised  that 
the  metal  is  not  overheated,  and  that  the  temperature  at  pouring  and  the 
conditions  of  cooling  are  such  as  will  be  most  likely  to  secure  dense 
castings. 

4.  Castings  shall  be  sound  and  free  from  blowholes,  sandholes,  por- 
ous places,  cracks  or  other  defects. 

5.  Grade  "A"  shall  be  used  for  contact  with  hardened  steel  discs 
under  pressures  exceeding  1500  lbs.  per  square  inch,  such  as  used  in 
turntables  and  center-bearing  swing-bridges. 

Grade  "B"  shall  be  used  for  contact  with  soft  steel  at  low  speeds 
under  pressures  not  exceeding  1500  lbs.  per  square  inch,  such  as  trunnions 
and  journals  of  bascule  and  lift  bridges. 

Grade  "C"  shall  be  used  for  ordinary  machinery  bearings. 

Grade  "D"  shall  be  used  for  nuts,  gears,  worm  wheels  and  similar 
parts  which  are  subjected  to  other  than  compressive  stresses. 

6.  The  composition  of  Grade  "A"  bronze  shall  be  approximately 
copper,  80  per  cent.;  tin,  20  per  cent.;  phosphorus  not  more  than  1.0 
per  cent. 

Grade  "B"  bronze  shall  be  approximately  copper,  85  per  cent. ;  tin,  15 
per  cent.;  phosphorus,  not  more  than  1.0  per  cent. 

Grade  "C"  bronze  shall  be  approximately  copper,  80  per  cent.;  tin,  10 
per  cent. ;  lead,  10  per  cent. ;  phosphorus,  not  less  than  0.7  per  cent,  nor 
more  than  1.0  per  cent. 

Grade  "D"  bronze  shall  be  approximately  copper,  88  per  cent. ;  tin, 
10  per  cent. ;  zinc,  2.0  per  cent. ;  phosphorus,  not  more  than  0.25  per  cent. 

7.  For  Grade  "A"  bronze  the  elastic  limit  in  compression  shall  be 
25,000  to  40,000  lbs.  per  square  inch.  The  permanent  set  under  a  load 
of  100,000  lbs.  per  square  inch  shall  be  0.06  to  0.10  inch. 

For  Grade  "B"  bronze  the  elastic  limit  in  compression  shall  be  19,000 
to  23,000  lbs.  per  square  inch.  The  permanent  set  under  100,000  lbs.  per 
square  inch  shall  be  0.12  to  0.25  inch. 
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For  Grade  "C"  bronze  the  elastic  limit  in  compression  shall  be  15,000 
to  20,000  lbs.  per  square  inch. 

For  Grade  "D"  bronze  the  elastic  limit  in  compression  shall  be  not 
less  than  14,000  lbs.  per  square  inch.  The  ultimate  strength  in  tension 
shall  be  not  less  than  33,000  lbs.  per  square  inch,  and  the  elongation  in 
two  inches  not  less  than  14  per  cent.  The  yield  point  in  tension  shall  be 
recorded. 

8.  At  least  one  compression  test  shall  be  made  from  each  melt  for 
Grades  "A,"  "B"  and  "C"  and  one  compression  test  and  one  tension  test 
for  Grade  "D." 

9.  If  a  test  fails  to  show  the  specified  properties  a  retest  shall  be 
permitted.     If  the  second  test  fails  the  melt  shall  be  rejected. 

10.  The  test  specimen  shall  be  turned  from  coupons  or  sinkheads 
attached  to  and  a  part  of  the  casting  and  poured  and  cooled  under  the 
same  conditions. 

11.  The  specimens  for  compression  tests  shall  be  cylinders  one  inch 
high  and  of  one  square  inch  area. 

12.  The  specimens  for  tension  tests  shall  be  turned  to  a  diameter  of 
one-half  inch.  The  coupon  shall  be  not  less  than  one  inch  in  diameter 
and  shall  be  fed  through  a  gate  running  the  entire  length  of  the  coupon. 

13.  The  elastic  limit  in  compression  shall  be  taken  as  the  load,  which 
produces  a  permanent  set  of  0.001  inch. 

14.  The  chemical  analysis  of  each  melt  shall  be  determined. 

15.  The  hardness  of  the  finished  castings  shall  be  measured  by  the 
Brinell  ball  method  and  a  record  of  same  furnished.  The  ball  shall  be 
of  hardened  steel,  10  mm.  in  diameter.  A  load  of  500  kg.  shall  be 
applied  for  thirty  seconds  to  a  finished  plane  surface. 

16.  At  least  two  hardness  determinations  shall  be  made  on  each 
melt.     Each  disc  and  each  trunnion  bearine  shall  be  tested. 
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REPORT  OF  COMMITTEE  VII— ON  WOODEN  BRIDGES 
AND  TRESTLES. 


E.   A.  Frink,  Chairman; 

]{.  Austill,  Jr., 

J.  E.  Barrett, 

H.  C.  Brown,  Jr., 

K.  A.  Hadley, 

I".  (  f.  Hoskins, 


W.  H.  Hoyt,  V ice-Chairman ; 
H.  S.  Jacoby. 

A.    O.    RlDGWAY. 

I.  L.  Simmons, 
1).  W.  Smith, 
\Y.  F.  Steffexs, 

Commit  ti 


To  the  Members  of  the  American  Railway  Engineering  Association: 

The  following  subjects  were  assigned  for  the  consideration  of  your 
Committee  during  the  past  year : 

(i)     Continue  study  of  design  of  docks  and  wharves. 

(2)  Report  on  relative  merits  of  ballast  deck  wooden  trestles  as 
compared  with   reinforced  concrete   trestles. 

(3)  Continue  study  of  the  use  of  lag  screws  in   trestle  construction. 
The  Committee  was  divided  into  three   Sub-Committees,  which  have 

worked  during  the  year  on  the  subjects  assigned.  A  general  meeting 
was  held  in  the  Association's  rooms  at  Chicago  on  December  nth,  which 
was  attended  by  Messrs.  Austill,  Brown,  Frink,  Hoyt,  Jacoby  and  Ridg- 
way.  A  second  meeting  was  held  in  the  Association's  rooms  on  Jan- 
uary 29th,  at  which  were  present  Messrs.  Austill,  Brown,  Hoyt,  Ridgway, 
Simmons  and  Smith. 

From  the  work  at  these  meetings,  and  correspondence  during  the 
year,  your   Committee   submits   the   following  report : 

During  the  year  a  communication  was  received  from  a  firm  manu- 
facturing cypress  lumber,  suggesting  the  advisability  of  formulating  a 
specification  for  cypress  bridge  and  trestle  timber.  After  conference 
with  the  Board  of  Direction  and  with  the  Committee  on  Grading  of 
Lumber,  it  was  decided  to  await  the  completion  of  specifications  now  be- 
ing prepared  by  a  committee  of  the  Southern  Cypress  Manufacturers' 
Association,  after  which  the  advisability  of  preparing  a  standard  specifi- 
cation  for  this   Association   will  be  considered. 

In  May  a  communication  on  pile  specifications  by  Mr.  E.  P.  Good- 
rich, suggesting  a  modification  of  the  Association's  specification  for 
wooden  piles,  was  referred  to  the  Committee.  Mr.  Goodrich  suggests 
the    following : 

"The  pile  shall  be  so  straight  that  a  line  held  in  contact  with  an;. 
two  points  selected,  so  as  to  give  the  maximum  deviation,  shall  not  be 
distant  from  the  surface  of  the  pile  at  any  point  more  than  the  diameter 
of  the  pile  opposite  that  point.-' 
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The  present  specification  of  the  Association,  page  145,  paragraph  3, 
of  the  Manual,  requires  that: 

"A  line  drawn  from  the  center  of  the  butt  to  the  center  of  the  tip 
shall  lie  within  the  body  of  the  pile." 

Mr.  Goodrich's  clause  would  permit  bends  of  twice  the  amount  per- 
mitted by  our  present  specifications.  It  is  the  opinion  of  the  Committee 
that  our  present  requirements  should  not  be  lessened. 

RECOMMENDATION  FOR  NEXT  YEAR'S  WORK. 

Your  Committee  recommends  that  the  following  subjects  be  assigned 
for  next  year  s  work  : 

1.  Continue  study  of  design  of  docks  and  wharves. 

2.  Continue  report  on  relative  merits  of  ballast  deck  wooden  trestles 
as  compared  with  reinforced  concrete  trestles. 

3.  Continue  study  of  the  use  of  lag  screws  in  trestle  construction. 

4.  Investigate  and  report  on  merits  of  galvanized  iron  fastenings 
for  timber  trestles  as  compared  with  plain  iron  and  steel  fastenings, 
especially  in  relation  to  their  use  on  creosoted  structures. 

Respectfully  submitted, 

COMMITTEE  ON  WOODEN  BRIDGES  AND  TRESTLES 
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DESIGN  OF  DOCKS  AND  WHARVES. 

Your  Sub-Committee  No.  i  on  "Design  of  Docks  and  Wharves" 
submits  the   following  progress  report  for  information : 

A  circular  letter  was  sent  to  certain  members  of  the  Association, 
who  were  in  a  position  to  furnish  data  and  plans  concerning  the  latest 
and  best  practice  in  the  construction  of  freight-handling  docks.  Much 
information  and  many  plans  were  received  showing  a  great  diversity  of 
design  adapted  to  the  many  varying  conditions  that  are  met  on  our  sea- 
coast  cities  and  Great  Lakes  ports. 

In  the  study  of  these  plans  and  specifications  many  questions  have 
come  up  as  to  the  extent  of  the  field  of  inquiry  to  be  covered  by  this 
Committee.  This  is  the  day  of  permanent  improvements  in  most  of  the 
territory  covered  by  the  railroads  represented  in  this  Association,  and 
it  is  pertinent  to  ask  if  it  is  worth  while  to  confine  our  investigation  to 
strictly  wooden  structures.  If  this  were  to  be  done,  it  would  greatly  re- 
strict the  work,  as  there  are  very  few  docks  and  wharves  being  built  at 
the  present  time  which  are  not  partly  or  entirely  built  of  steel  and  con- 
crete. Your  Committee,  however,  has  assumed  the  broader  inquiry  and 
will  present  for  your  information  a  few  selected  plans  of  what  appear 
to  be  examples  of  the  latest  and  best  practice. 

DETERMINING   FACTORS    OF   DESIGNS. 

In  considering  the  general  plan  for  a  dock  or  a  wharf,  the  character 
of  the  service  to*  be  rendered  is  of  prime  importance.  If  the  structure 
is  to  accommodate  passenger  service,  its  arrangement,  as  to  safety  and 
convenience,  should  be  given  careful  attention.  Ease  of  transferring 
passengers  from  trains  or  from  land  approaches  to  floating  equipment, 
ample  room  for  allowing  rapid  and  safe  movements,  are  factors  that 
will  very  largely  control  the  general  design  of  the  structure,  as  will  also 
the  character  of  the  passenger  service  as  to  whether  for  ocean-going 
long-voyage  trips  or  for   short-voyage   ferry   service. 

If  the  structure  is  to  accommodate  freight  service,  there  are  even 
more  questions  arising  that  will  have  very  important  bearing  on  the  de- 
sign. To  handle  miscellaneous  package  freight,  its  adaptability  to  the 
use  of  loading  and  unloading  machinery,  to  the  movements  of  freight 
from  floating  to  rolling  equipment,  or  vice  versa,  must  be  considered. 
To  handle  bulk  freight  such  as  coal  and  iron  ore,  either  from  boats  to 
docks  or  from  stock  piles,  docks  or  cars  to  floating  equipment,  requires 
an  entirely  different  class  of  structure  from  that  designed  to  handle 
package  freight  exclusively. 

The  character  of  the  floating  equipment  as  to  whether  ocean-going, 
lake  and  canal  or  river  barges,  as  well  as  the  relation  between  owner- 
ship of  the  docks  and  transportation  equipment,  is  of  importance.  If  the 
dock  property  is  owned  by  transportation  interests  it  may  be  economical 
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to  use  more  permanent  construction  than  if  the  property  was  not  assured 
of  long-continued  service. 
Natural   Conditions. 

The  height  of  a  structure  is  often  determined  by  its  location  on  a 
shore  line,  subject  to  rise  and  fall  of  the  water  due  to  tides  or  other 
causes.  The  foundation  details  are  variously  affected  by  the  character 
of  the  soil  in  which  the  structure  is.  to  rest.  Soft  alluvial  deposit  or 
sand  will  often  require  very  long  piling,  while  if  rock  bottom  may  be 
reached  without  great  expense,  cribs  or  piers  may  be  economically  con- 
structed. 

The  action  of  salt  water  upon  different  structural  materials,  the 
climatic  conditions  and  their  effects  upon  steel,  concrete  and  wood,  de- 
cay and  deterioration  due  to  marine  growths,  violence  of  wave  action  and 
the  general  prevalence  of  storm  conditions  will  all  have  their  bearing  on 
materials  to  be  used  in  construction. 
Artificial  Conditions. 

On  most  of  our  harbors  conditions  imposed  by  the  general  layout  of 
government  harbor  lines  affect  the  general  shape  of  the  work.  Where 
the  government  harbor  lines  are  laid  out  far  from  the  natural  shore  line, 
construction  will  develop  long  and  slender  docks,  while  if  the  govern- 
ment harbor  lines  are  closer  in  shore,  construction  will  develop  broad 
and  probably  filled  docks. 

If   the   developments   of  the   adjacent   channel   courses   have   not  yet 
assumed    permanent    position,    or    are    not   in    prospect    in   the    very    near 
future,  it  might  be  unwise  to  adopt  permanent  construction. 
Business  and    Economic  Conditions. 

The  business  and  economic  conditions  governing  construction  of  this 
kind  have  a  most  important  bearing.  For  instance,  a  lumber  dock  built 
in  a  country  where  the  timber  business  will  last  only  ten  or  fifteen  years, 
will  suggest  a  cheap  first  cost,  while  a  structure  to  handle  package  or  bulk 
freight  serving  ocean  liners  and  permanent  railroad  lines  would  naturally 
suggest  structures  of  permanent  design. 

The  volume  of  business  to  be  handled  at  the  dock,  its  rush  times  at 
certain  seasons  of  the  year,  its  possibility  of  increased  growth  or  change 
of  character  of  shipments  may  develop  a  special  design  if  these  points 
are  of  leading  importance. 

At  the  present  time  the  tendency  toward  government  ownership  and 
control  may  influence  the  amount  of  the  expenditure  to  be  made  for  the 
improvement.  In  case  of  a  transfer  of  ownership  a  permanent  structure 
would  bring  a  larger  proportion  of  returns  than  one  of  temporary  char- 
acter. On  the  other  hand,  other  conditions  of  public  sentiment  may  tend 
to  heavy  taxation  of  the  corporation  and  its  property,  thus  the  advantages 
to  be  gained  by  expending  money  in  permanent  construction  would  be 
offset  by  the  additional  taxes  on  such  property. 

The  fire  hazard  and  insurance  rate  on  property  of  this  kind  is  very- 
important.     If  located  in  the  immediate  vicinity  of  hazardous  structures, 
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fireproof  construction  might  be  advisable,  and  rates  of  insurance  in  dif- 
ferent localities  should  be  carefully  considered.  Every  dock  problem  is 
one  to  be  handled  as  an  individual  proposition. 

Oftentimes  the  facility  of  approach  of  the  railroad  tracks,  complica- 
tions of  manufacturing  and  improved  properties,  general  layout  of  the 
ground  over  which  the  approaching  railroads  are  to  be  operated,  may 
materially  alter  the  general  design,  consequently  it  is  impossible  to  lay 
down  any  hard  and  fast  lines  to  be  recommended  as  standard  dock  con- 
struction. 

SUBSTRUCTURE   OR   FOUNDATIONS. 

By  far  the  greater  number  of  all  docks  yet  built  or  being  built  in 
this  country  are  designed  with  wooden  piling  to  carry  their  loads.  In 
many  cases  these  are  being  surmounted  above  water  line  by  concrete  piers, 
either  with  or  without  timber  grillage. 

Some  structures  are  surrounded  by  timber  sheet  piling  well-anchored 
back  with  steel  rods  and  the  dock  then  filled  to  the  required  height.  A 
few  have  already  used  steel  sheet  piling  for  this  purpose,  thereby  build- 
ing a  very  permanent  foundation. 

The  natural  conditions  have  very  important  bearing  on  the  founda- 
tion design.  In  soft  earth  piling  must  be  long  and  driven  until  a  secure 
bearing  is  found,  but  if  the  bottom  is  of  rock  formation,  timber  cribs  de- 
signed to  fit  more  or  less  the  uneven  rock  bottom  may  be  sunk  in  place 
and  filled  up  to  the  proper  level. 

It  is  becoming  more  and  more  the  practice  at  the  present  time  to  use 
treated  timber  and  treated  piling  in  all  work  subject  to  destruction  by 
the  teredo  or  other  form  of  marine  borers.  In  the  replies  to  inquiries 
of  this  Committee,  this  recommendation  has  been  often  made. 

During  the  past  a  great  many  docks  have  been  constructed  of  timber 
cribs  sunk  along  the  dock  line  without  placing  under  them  piling  or 
other  permanent  form  of  support.  These  structures  have  been  very  un- 
satisfactory. They  have  caused  trouble  by  settling  under  load,  and  by 
being  easily  overturned  toward  deep  water  whenever  it  became  necessary  to 
deepen  channels.  This  practice  has  been  almost  entirely  abandoned  and  it 
is  now  recognized  that  filled  cribs  should  never  be  placed  except  upon 
solid,  unyielding  foundations.  Where  the  improvement  will  warrant  the 
expenditure,  the  use  of  some  form  of  steel  sheet  piling  is  very  satis- 
factory, and  its  use  will  doubtless  be  increased  very  greatly  in  the  future. 

Where  piling  is  driven  in  very  deep  water  and  future  plans  contem- 
plate permanent  filling  of  the  dock,  it  is  often  good  practice  to  fill  in 
around  the  piling  to  a  certain  depth  with  rubble  stone,  thus  stiffening 
the  foundation  and  causing  less  damage  to  buildings  and  structures  due 
to  the  shock  of  berthing  boats. 

The  present  depth  of  channel,  as  well  as  depth  that  may  be  required 
in  the  future,  should  be  given  careful  consideration.  If  the  structure 
is  one  to  be  used  a  long  time,  its  future  improvement  by  changing  timber 
foundations  to  foundation  of  more  permanent  design  of  concrete  and 
steel  must  be  considered. 


190  WOODEN    BRIDGES    AND   TRESTLES. 

One  of  the  most  common  causes  of  failure  and  perhaps  the  most 
common  defect  in  dock  foundation  construction  is  the  improper  spacing 
of  the  supporting  piling.  The  tendency  is  to  space  piling  more  or  less 
uniformly  throughout  the  structure  with  utter  disregard  of  the  unequal 
distribution  of  load.  Often  the  parts  of  the  dock  carrying  no  load  at 
all  are  supported  by  the  same  distribution  of  piling  as  the  part  of  the 
structure  carrying  the  maximum  loads. 

The  following  is  a  list  of  the  more  important  items  to  be  given  con- 
sideration in  designing  dock  foundations : 

Timber  Piling; 

Concrete  Piling ; 

Steel  Sheet  Piling ; 

Wood  Sheet  Piling; 

Concrete  Sheet  Piling ; 

Rock  for  Masonry  and  Fill ; 

Rock  Filled  Cribs ; 

Concrete  Filled  Cribs ; 

Sand  Filling ; 

Retaining  Walls ; 

Depth  of  Channel  adjacent; 

Future  Depth  of  Channel  adjacent. 

SUPERSTRUCTURE. 

The  superstructures  of  many  docks  and  wharves  constructed  during 
the  past  few  years  are  of  a  composite  character.  Timber,  concrete  and 
steel  are  used  in  various  combinations,  and  there  seems  to  be  great  di- 
versity of  opinion  as  to  the  best  practice.  Of  course  there  are  many 
conditions  to  be  considered  in  planning  a  dock  for  a  particular  locality 
to  handle  certain  classes  of  traffic,  and  each  dock  is  a  problem  by  itself. 

Designs  submitted  to  this  Committee  show  considerable  variation  in 
the  construction  of  dock  floors.  Timber  structures  are  generally  decked 
by  cutting  off  the  piling  to  proper  level,  capping  same  with  standard- 
sized  timbers  and  placing  a  plank  floor  securely  spiked  to  the  caps.  This 
form  of  deck  is  very  satisfactory  for  wooden  structures,  and,  up  to  the 
present,  on  account  of  the  low  price  of  timber,  has  probably  returned 
more  on  the  investment  than  would  have  been  produced  by  any  perma- 
nent form  of  construction. 

In  the  past  few  years  some  designers  have  placed  concrete  decks  on 
timber  structures,  others  have  used  concrete  with  asphalt  wearing  sur- 
face. It  would  seem  that  either  of  these  methods  of  construction  were 
hardly  satisfactory.  Concrete  or  asphalt  decks  should  be  placed  on  filled 
or  permanent  structures  so  they  would  not  deteriorate  rapidly  from  the 
action  of  an  unstable  foundation. 

The  superstructure  of  many  wharves  is  of  very  simple  construction, 
being  principally  a  more  or  less  extensive  roof  supported  upon  posts  from 
the  dock  foundation.  Of  late  years  many  very  fine  examples  of  steel  and 
concrete  buildings  have  been  erected  and  the  tendency  in  all  our  large 
shipping  centers,  at  the  present  time,  is  to  erect  structures  of  this  char- 
acter. 
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The  danger  of  fires  and  the  tremendous  loss  incident  to  the  de- 
struction of  wharves  and  their  contents,  as  well  as  the  loss  that  may 
entail  on  shipping  in  the  immediate  vicinity,  has  been  a  very  decided 
factor  in  producing  a  permanent  form  of  construction.  The  constant 
rise  in  prices  of  timber  in  all  forms  and  the  lower  prices  of  steel  and 
concrete  is  making  it  more  feasible  to  put  up  fireproof  structures  of 
permanent  design. 

Plans  for  proper  distribution  of  electric  current  for  light  and  power. 
water  pipes  for  drinking  purposes  and  sanitary  uses  and  fire  mains,  to- 
gether with  fire  alarm  and  hose  storage  points,  are  all  questions  to  be 
carefully  considered   in  designing   superstructures. 

DISCUSSION"    OF   VARIOUS    TVPES. 

(1)  Pile  and  Timber  Structures — Untreated. 

Up  to  very  recent  times  by  far  the  greater  number  of  wharves  built 
have  been  of  plain  untreated  pile  and  timber  design.  The  cheapness  of 
timber,  the  ease  with  which  it  can  be  handled  and  placed,  its  ready  adap- 
tation to  various  conditions,  still  make  this  form  of  dock  very  satisfactory, 
and  in  most  cases  these  docks  will  show  a  larger  return  on  the  investment 
than  other  so-called  permanent  forms  of  construction.  The  life  of  these 
structures  will  be  from  seven  to  ten  years,  depending  on  the  quality  of 
the  timber  and  climatic  conditions.  Oftentimes  the  superstructure  may 
be  rebuilt  on  original  foundation  piles  where  there  are  no  marine  borers 
and  the  variation  of  water  level  is  small.  When  the  water  is  infested 
with  the  teredo,  the  use  of  untreated  piling  is  a  poor  investment,  there- 
fore this  form  of  dock  is  now  used  only  on  fresh  water  lakes  or  in 
harbors  where  the  presence  of  fresh  water  or  sewage  is  enough  to  de- 
stroy the  teredo. 

(2)  Treated   Pile  and  Timber  Structures. 

Of  late  years  great  progress  has '  been  made  in  the  creosoting  of 
timber,  and  on  account  of  the  greatly  increased  life  obtained  and  the 
great  resistance  given  to  the  work  of  marine  borers,  much  treated  tim- 
ber is  now  being  used  in  wharf  construction.  Sufficient  time  has  not  yet 
lapsed  to  determine  with  any  degree  of  accuracy  the  life  of  a  thoroughly 
creosoted  timber  dock,  but  observation  warrants  the  conclusion  that  a 
life  of  twenty-five  years  will  not  be  unusual.  When  taking  into  con- 
sideration the  fact  that  our  transportation  service  is  in  a  rapidly  chang- 
ing and  developing  condition,  and  that  a  lapse  of  twenty-five  years  sees 
most  of  our  structures  obsolete,  it  would  seem  that  only  very  peculiar 
conditions  would  warrant  more  expensive  structures  than  well-built  creo- 
soted timber  docks.  Combinations  of  pile  structures  with  filled  centers 
using  timber  sheet  piling  or  low  reinforced  concrete  retaining  walls  often 
fit  certain  locations  very  economically  and  give  very  satisfactory  results. 

(3)  Timber  and  Concrete  Combination — Filled. 

Along  our  Great  Lakes  and  inland  waters,  where  there  is  no  change 
of   water  elevation,   there  have  been  built   many  variations   of  the  filled 
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duck.  Some  forms  use  the  timber  sheet  pile  front  tied  back  with  rods, 
this  surmounted  by  a  gravity  concrete  wall  resting  on  piling.  The  con- 
ditions warranting  this  construction  are:  Shallow  water  at  dock  site, 
cheap  filling  placed  by  hydraulic  dredges,  large  area  of  dock  surface  for 
storage  of  bulk  freight,  safety  from  fire  loss  and  ease  of  use  for  track 
terminals.  Most  of  the  large  coal-handling  docks  on  the  Great  Lakes 
are  of  this  pattern  and  are  giving  very  satisfactory  results  and  showing 
good  economy. 

(4)     Steel  and  Concrete   Dock. 

Of  late  years  some  very  permanent  and  expensive  forms  of  docks 
have  been  constructed,  using  steel  or  concrete  sheet  piling  capped  with 
concrete  retaining  walls.  Structures  of  this  kind  are  warranted  where 
the  area  of  dock  surface  is  large,  water  is  shallow,  not  requiring  heavy- 
fill,  filling  material  cheap  and  removed  from  adjacent  slips  by  hydraulic 
dredge,  and  where  it  is  proposed  to  use  the  dock  surface  for  a  railroad 
terminal,  conditions  must  be  such  that  a  practically  permanent  layout 
may  be  designed  so  that  capital  cost  could  be  spread  over  a  period  of 
forty  or  fifty  years.  Maintenance  cost  is,  of  course,  low  on  this  style 
of  dock  and  should  also  be  given  careful  consideration. 

In  the  effort  to  obtain  permanent  forms  of  construction,  economy  is 
often  lost  sight  of  and  larger  and  heavier  expenditures  are  made  than  a 
careful  consideration  of  all  the  facts  and  conditions  would  warrant. 

Your  Committee  has  submitted  a  few  typical  designs  that  cover  the 
general  points  considered  and  hope,  by  farther  study  of  the  subject,  to 
present  comparative  cost  figures. 
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(2)     COMPARATIVE  MERITS  OF  BALLAST  DECK  AND  REIN- 
FORCED CONCRETE  TRESTLES. 

Since  the  subject  assigned  to  the  Committee  for  investigation  seems 
to  encroach  somewhat  on  the  field  of  activity  of  the  Masonry  Committee, 
the  matter  under  consideration  was  referred  to  the  Chairman  of  that 
Committee  in  an  effort  to  ascertain  the  extent  of  pertinent  information 
as  to  reinforced  concrete  trestles  which  might  have  been  collected 
thereby.  We  find  that  the  Masonry  Committee  is  not  in  possession  of. 
material  data  suitable  for  our  work,  and  have  therefore  been  conducting 
investigations   on   our   own  behalf. 

Inquiries  have  been  transmitted  to  about  seventy-five  of  the  more 
important  railways  in  the  United  States  and  Canada,  aggregating  225,550 
miles  of  line.  To  these  inquiries  forty-seven  of  the  lines  have  responded, 
and  we  have,  therefore,  leceived  replies  from  143,557  miles  of  road.  The 
questions  submitted  and  a  very  brief  abstract  of  answers  to  a  portion 
thereof  appear  below. 

It  is  the  sense  of  the  Committee  that,  since  there  are  so  many  factors 
of  both  an  engineering  and  economic  nature  to  be  thoroughly  considered 
before  intelligent  conclusions  can  be  reached,  it  cannot  submit  a  com- 
pleted report  at  this  time.  Many  of  the  attendant  questions  and  problems 
of  which  disposition  must  be  made  are  not  susceptible  of  mathematical 
solution,  and  while  the  Committee  can  report  the  work  well  in  hand  and 
progressing  satisfactorily,  though  slowly,  it  begs  to  request  a  continuation 
of  final  report  until  next  year. 

On  October  19th  the  Committee  sent  out  to  seventy-five  of  the  larg- 
est and  most  important  railways  of  the  United  States  and  Canada  the 
following  circular  letter: 

Dear  Sir  : 

In  the  preparation  of  a  "Report  on  Comparative  Merits  of  Ballast 
Deck  and  Reinforced  Concrete  Trestles,''  to  be  submitted  to  the  Ameri- 
can Railway  Engineering  Association  by  its  Committee  on  Wooden 
Bridges  and  Trestles,  the  Committee  finds  it  necessary  to  collect  certain 
data  not  now  in  its  possession,  and  to  this  end  respectfully  requests  that, 
if  possible  or  consistent  with  other  demands  upon  your  time,  you  furnish, 
in  as  much  detail  as  you  may  elect  or  in  any  form  best  suited  to  your 
convenience,  available  recorded  information  or  your  personal  views  and 
experience  pertaining  to  the  several  phases  of  the  subject  in  hand  as  in- 
dicated in  following  outline,  sending  such  reply  as  you  may  deem  ad- 
visable to  the  undersigned : 

(1)  Owing  to  the  difficulty  of  securing  definite  maintenance  costs 
of  ballast  deck  timber  trestles  or  dependable  figures  as  to  their  length  of 
serviceable  life,  it  has  not  been  possible  thus  far  to  present  a  compre- 
hensive and  reliable  statement  of  the  relative  economy  of  the  two  types 
of  bridges,  and  in  view  of  this  fact  thorough  consideration  must  be  given 
to  other  affecting  elements.     May  we  not  therefore  ask : 

(a)   What,   in   your   opinion,  is  the   probability   of   destruction  by 

fire    of   ballast    deck    timber    trestles,    furnishing,    if    available,    actual 

figures  in  support  thereof? 
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(b)  What  is  the  relative  danger  of  loss  and  damage  of  the  two 
types  by  reason  of  flood? 

(c)  What  value  should  be  placed  on  the  vastly  greater  inertia 
of  the  reinforced  concrete  trestle  in  producing  desirable  riding  quali- 
ties in  the  track? 

(d)  To  what  extent  should  "appearance"  be  considered  in  the 
adoption  of  either  type? 

(e)  With  the  numerous  large-sized  sticks  in  a  timber  trestle, 
together  with  their  probable  length  of  life  when  creosoted,  on  the 
one  hand,  and  the  absolute  waste  of  form  lumber  on  the  other, 
should  any  consideration  be  given  to  the  theory  of  "conservation  of 
natural  resources?" 

(f)  To  what  extent,  if  at  all,  should  "depreciation"  of  way  and 
structures  have  an  influence  in  deciding  as  between  the  two  types? 

(g)  Are  legal  requirements  or  orders  of  public  authorities  in 
municipalities  or  communities  through  which  your  lines  are  operated 
mandatory  in  any  degree  as  to  installation  of  concrete  structures, 
and  if  so  just  to  what  extent? 

(2)  What  general  conditions,  natural  or  artificial,  would  exert  a 
controlling  influence,  in  your  decision,  as  to  the  adoption  of  a  ballast 
deck  creosoted  timber  trestle  or  a  reinforced  concrete  trestle  for  any 
particular  bridge  or  locality? 

It  is  perhaps  needless  to  add  that  the  Committee  will  greatly  appre- 
ciate any  assistance  in  its  efforts  to  formulate  sound  conclusions. 

A  brief  abstract  of  such  replies  to  the  different  subdivisions  of 
Question  No.  1,  as  have  thus  far  been  received,  is  shown  in  the  accom- 
panying tabular  statement. 
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"A" 
Fire   Hazard. 


"B" 
Relative  Flood  Hazard 


Atlantic  Coast  Line. 


Boston  &  Albany... 
Baltimore  &  Ohio.. 
Central    of    Georgia. 


Central   of   New    Jersey.. 
Chicago    &    Eastern    Illi- 
nois  


Chicago   &  Northwestern. 

Chicago,       Burlington      & 
Quincy     

Chicago,    Rock    Island    & 
Pacific    

Chicago,   St.   Paul,  Minne- 
apolis   &    Omaha 

Delaware,    Lackawanna 
&   Western    

Duluth,       Missabe       & 
Northern     

Duluth,     South     Shore     & 
Atlantic     

El  Paso   &   Southwestern. 


Grand    Trunk    

Grand    Trunk    Pacific... 

Hocking    Valley    

Lehigh   Valley    

Louisville    &    Nashville. 
Michigan    Central    


Minneapolis   &   St.    Louis. 


Missouri,   Kansas  &  Texas 
Missouri    Pacific    


Mobile    &    Ohio 

Nashville,   Chattanooga  & 
St.    Louis    


New   York    Central 

New    York,     New    Haven 
&    Hartford     


Norfolk    Southern     .  . 
Norfolk    &    Western. 


Northern    Pacific 


Excessive 

No    opinion 

Considerable 

Considerable 

Considerable 

Inconsiderable 

No   opinion 


!  Less  in  concrete 

No   opinion 

Favorable    to    concrete 
,  Generally      inconsider- 
able 
Inconsiderable 

Inconsiderable 

No   opinion 


Dependent  on  loca-  i  Inconsiderable 

tion 
Probable    fire    loss,' Inconsiderable 

1:100 
Very  great  Inconsiderable 


No    opinion 
No   opinion 


No    opinion 
No   opinion 


35%   of  open  trestle  1:2    favor   concrete 

Probable    fire    loss,  Favorable    to    concrete 

1:1000 

No    opinion  No   opinion 

No   opinion  No   opinion 

No  opinion  Favorable    to    concrete 

Inconsiderable  Favorable    to    concrete 

Inconsiderable  No   opinion 

Little   hazard  Dependent   on  location 

25%   of  open  trestle  Inconsiderable 


"C" 

Relative      Riding 

Qualities 


No    opinio*n 
Very  small 

Inconsiderable 

Not   great 

Possible   hazard 

Considerable 

No   opinion 
Slight 


Oregon    Short    Line. 
Oregon- Washington 


Pennsylvania  Lines  West. 
Pennsylvania     


Philadelphia   &   Reading. . 

Pittsburgh  &  Lake  Erie.. 

Queen    &    Crescent 

St.  Louis  &  San  Fran- 
cisco     

St.    Louis   Southwestern.. 

San  Pedro,  Los  Angeles 
&   Salt   Lake    


Seaboard    Air   Line. 


Southern    

Southern    Pacific 
Union   Pacific   . . . 

Vandalia    

Wabash     


Western    Maryland 


No    definite 

mation 
No    opinion 
Slight 

No  opinion 
Great   hazard 

No  opinion 
No  opinion 
Slight 

Great 
Very   slight 

Very  slight 

Inconsiderable 

Slight 

Slight 

No    opinion 

No    opinion 

Slight 

No   opinion 


infor- 


No    opinion 

Equal,  considering  cost 

Favorable    to    concrete 

Favorable    to    concrete 

Favorable   to    concrete 

Slightly     favorable     to 

concrete 
No   opinion 
Slightly     favorable     to 

concrete 
Practically    equal 

No   opinion 

Favorable    to    concrete 

No   opinion 

Greatly     favorable     to 

concrete 
j  No   opinion 
No   opinion 
Favorable    to    concrete 

Favorable    to    concrete 
Inconsiderable 

Favorable    to    concrete 

Favorable    to    concrete 

Inconsiderable 

No   opinion 

No   opinion 

No   opinion 

Favorable    to    concrete 

No   opinion 


Concrete  preferable 

Concrete  preferable 
Of   doubtful   value 
Concrete   preferable 

Immaterial 

Difference   of   doubtfu; 

value 
No   opinion 

Little  or  no  difference 

No    opinion 

Practically    indetermi- 
nate 
No    opinion 

No    opinion 

4:5    favor   concrete 
Of    doubtful    value 

No    opinion 

No    opinion 

4:5    favor  concrete 

Favorable    to    concrete 

No    opinion 

Negligible 

Of  indeterminate  value 

No    opinion 

Slight     difference     in- 
determinate 
Negligible 

No   appreciable   differ- 
ence 
Favorable    to    concrete 

Favorable    to    concrete 

No  opinion 
No    opinion 

Dependent   on   traffic 

No    opinion 

Favorable    to    concrete 

No  opinion 
Favorable   to   concrete 

No  opinion 
No  opinion 
Favorable   to    timber 

No  opinion 
No    opinion 

No  difference 

Favorable   to    timber 

Little  or  no  difference 
No    opinion 
No    opinion 
No    opinion 
No  difference 

No   opinion 
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"D" 

"E" 

"F- 

"G" 

Appearance 

Conservation 

Depreciation 

Legal  Requirements 

Not    to    be    considered 

Xot   to   be   considered 

Only     as     to     ultimate 
cost 

None 

No  opinion 

No    opinion 

No  opinion 

Dependent  on  location 

No    opinion 

No  opinion 

None 

Dependent  on  location 

Little    consideration 

Considerable    influence 

None 

Little   consideration 

Little    consideration 

Only  as   to   safety  and 

None 

cost 

Dependent  on  location 

Xot    to    be    considered 

Important  factor 

None 

No  opinion 

No    opinion 

No  opinion 

Dependent  on  location 

Favorable   to   concrete 

Difficult   of  application 

Dependent  on 

location 

Undue      expense      un- 

Favorable   to    concrete 

Only     as     to     ultimate 

Dependent  on 

location 

warranted 

cost 

Not    to    be    considered 

Favorable    to    concrete 

Important   influence 

None 

Xo  opinion 

No   opinion 

No  opinion 

Xo  opinion 

Xo    opinion 

No  opinion 

Minor    consideration 

Favorable    to    concrete 

Decided  influence 

None 

Concrete  preferable  in 

Favorable    to    concrete 

Fundamental      as       to 

None 

cities 

ultimate   cost 

Xo  opinion 

Xo    opinion 

Xo  opinion 

Xo  opinion 

Xo    opinion 

No  opinion 

4:5  favor  concrete 

Xot    to    be    considered 

Favorable   to    concrete 

None 

Dependent  on  location 

Xot    to    be    considered 

Favorable    to    concrete 

None 

Xo  opinion 

Xo    opinion 

No  opinion 

Dependent   on  location 

Xot    to   be   considered 

Only     as     to     ultimate 

cost 
Only     as     to     ultimate 

None 

Little   consideration 

Eventually      demand 

None 

concrete                               cost 

Xo  opinion 

Xo    opinion                         No  opinion 

Only   in  special   cases 

Xot    to    be    considered 

Xot  a  factor  at  present 

None 

Only    in    communities 

Not    material    factor 

Only     as     to     ultimate 
cost 

None 

Only   in   cities 

Xot    to   be    considered 

Xot    to    be    considered 

None 

Generally   favorable   to 

Probably    of    no    influ- 

Considerable   influence 

Dependent  on 

location 

cement 

ence 

Generally    negligible 

No    opinion 

Large  influence 

None 

Xo  opinion 

No    opinion 

No  opinion 

Xo  opinion 

No    opinion 

Xo  opinion 

Dependent  on  traffic 

Xot    to    be    considered 

Only     as     to     ultimate 

Only   in   special    cases 

cost 

No  opinion 

No    opinion 

Xo  opinion 

Dependent  on  location 

Little   or   no    consider- 
ation 

Only     as     to     ultimate 
cost 

Dependent  on 

location 

Only    in    municipalities 

No    opinion 

No  opinion 

Dependent  on  location 

Favorable    to    concrete 

Favorable    to    concrete 

Dependent  on 

location 

Xo  opinion 

No    opinion 

No  opinion 

Xo  opinion 

No    opinion 

No  opinion 

Dependent  on  location 

Favorable    to    concrete 

Only     as     to     ultimate 

None 

Dependent  on  location 

Xot    to    be    considered 

cost 
No   influence 

None 

Little   consideration 

Little    consideration 

Only     as     to     ultimate 

cost 
Only     as     to     ultimate 

None 

Dependent  on  location 

Xot    to    be    considered 

cost 

None 

Dependent  on  location 

Not    to    be    considered 

Only     as     to'    ultimate 
cost 

None 

Xot   to  be  considered 

Not    to    be    considered 

Xot    to    be    considered 

None 

Xo  opinion 

No    opinion                        [No  opinion 

Xo  opinion 

No    opinion                          No  opinion 

Xo  opinion 

No    opinion                        [No  opinion 

Favorable    to    concrete 

Favorable    to    concrete  Only     as     to     ultimate 

None 

cost 

Xo    opinion 

No  opinion 

No    opinion 
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(3)     USE  OE  LAG  SCREWS  FOR  FASTENING  GUARD  TIMBERS. 

During  the  year  1914  the  Committee  began  the  investigation  of  the 
use  of  lag  screws  to  fasten  guard  timbers  to  ties  on  wooden  and  metal 
bridges.  A  goodly  number  of  replies  were  received  to  a  circular  which 
was  sent  to  the  various  roads  throughout  the  country,  but  owing  to  the 
small  number  of  roads  using  lag  screws,  another  circular  was  prepared 
and  sent  to  such  roads  as  reported  having  had  no  experience  with  them. 
In  this  last  circular  one  of  the  queries  was  whether  the  road  communi- 
cated with  would  be  willing  to  give  lag  screws  a  trial  on  some  of  its 
bridges  on  the  recommendation  of  the  Committee.  Thirty-three  roads 
indicated  their  willingness  to  make  this  trial,  and  the  Committee  recom- 
mended that  the  trial    be  made. 

The  work  for  this  year  has  been  to  formulate  plans  and  methods 
of  procedure  for  further  investigation.  A  plan  was  prepared  (Diagram 
A)  illustrating  the  practice  of  several  of  the  railway  systems  having  had 
success  in  the  use  of  lag  screws.  There  is  also  shown  on  the  plan  the 
general  ideas  of  the  Committee  relative  to  such  construction,  so  that  in- 
vestigation and  experiment  might  be  carried  on  along  similar  lines  and 
results  compared. 

A  circular  was  prepared  and  a  copy  of  the  plan  attached.  This 
communication  was  sent  to  the  thirty-three  roads  indicating  their  will- 
ingness to  make  a  trial  of  lag  screws,  and  in  the  circular  it  was  urged 
that  the  road  addressed  make  the  trial,  following  in  a  general  way  the 
ideas  of  the  Committee.  Replies  to  a  later  communication  (see  Appendix 
A)  indicate  that  four  roads  have  already  begun  the  experiment  and 
fourteen  others  expect  to  make  the  experiment  as  soon  as  opportunity 
presents  itself  or  work  now  in  progress  develops  to  that  stage  where  the 
trial  can  be  made. 

A  table  has  been  prepared  from  replies  received  to  circulars  of  July, 
1914,  and  January,  1915  (see  Appendix  B),  showing  what  roads  have 
used  or  are  using  lag  screws  successfully;  and  what  roads  are  making 
or  planning  to  make  a  further  trial  of  this  method.  In  spite  of  the  very 
general  satisfaction  expressed  by  the  roads  using  lag  screws,  and  in  view 
of  the  fact  that  comparatively  few  roads  have  used  them,  and  that  a  few 
of  the  roads  using  them  report  adversely  and  have  abandoned  their  use; 
your  Committee  does  not  yet  feel  justified  in  recommending  the  adoption 
of  lag  screws  for  fastening  outer  guard  timbers  as  good  practice.  Your 
Committee,  however,  believes  that  more  time  should  be  given  for  the 
trials  now  in  progress;  and  for  others  which  it  is  hoped  can  be  arranged 
for;  and  therefore  submits  this  as  a  progress  report  only  and  recommends 
the  continuation  of  the  subject  for  next  year's  study. 


IQvcrd  tH/riber'. 
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Note:- 

^       Tl&s  and  Gwrd  Timbers  to  be  ^ued  one  dimension, 
omif  dopping  of  Guard  Umbers  and  Ties. 
Use  Lag  Jcret/s  in  ererr  fie,  rides  fo  be  bored  for 
^^g.  Log  Jcrews  one  kef)  deeper  tfion  penetration  of  LagSmr 
^  Fasten  a/ternote  ties  to  stringers. 
^  Lao  Kerens  to  t>e  jfoggered  ein  in  guard  timbers. 


Stringers 


Priff  8dts. 


ELEVATION 

n  n  n^nrm 


/  -=m= 


^    j=|    j=|    H    H    H 


DIAGRAM  A. 


J  u  u  u  u 

PLAN 

Lop  Screws  every  fourth  tie 


American  Railway  En6.  Association 
Recommendations  of  Committee    VII 

Wooden  Bridges  and   Trestles 

Method  of  fastening  Guard  Timbers  to  Ties 
on  Decks  of  Wooden  Trestles. 


SECTION 


Note:- 

Four  Stringers  fo  be  used  under  eocf> 
rvrf  on  off  moin  line  trestles. 


STANDARD  IN  USE 

BY 


W  HOCKING  VALLEY  RY> 


PLAN 
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r  %.  log  Jkre/y aM Z'p/a'c  nosbef 
£       eye/y  four///  tie 

So  £" 


C7.  Was/rer  afeoc/i 
e/?d. 


STANDARD  IN  USE. 

BY 

C.R.R.  of  N.J.    . 


|    J       ]  \7"H/i  String 


■U 


o 


PLAN 


*+0rift  ffo/t  ZZ'/oog 
ELEVATION 

STANDARD  IN  USE 

BY 

MO  BILL  &   OHIO  R.R. 
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Appendix  A. 

TABULATION  OF  REPLIES  TO  CIRCULARS  Q¥  AUGUST  5,  1015, 
AND     OCTOBER     12,     1915,    RELATIVE     TO     EXPERI- 
MENTAL TESTS  ON  USE  OF  LAG  SCREWS. 


6m  ,2  £  <j 

i>'  "2  5  «  a 

u  .  ™  *      it  m 

Railroad.                                    <  §  ^H^ 

Akron,   Canton  &  Youngstown.  .  No  No 
Buffalo,  Rochester  &  Pittsburgh. Yes 

Boston  &  Albany No  Yes,  soon 

Central   of   Georgia Yes  No 

Chicago,    St.    Paul,    Minneapolis 

&    Omaha    No  Yes 

Chicago,    Indianapolis    &    Louis- 
ville    No  No 

Canadian  Government  Railways. No  Yes,  soon 

Chicago  Junction    No  No 

Canadian    Pacific    No  Yes,  soon 

Denver  &  Rio  Grande No  Yes,  soon 

Duluth,  South  Shore  &  Atlantic.  No  Yes,  now 

applying 

El  Paso  &  Southwestern No 

International  &  Great  Northern.  No  No 

Indiana    Harbor    Belt No  Yes,  soon 

Illinois   Central    No  Yes.  soon 

Long    Island    .  . .' Yes 

Lake   Superior   &   Ishpeming. .  .  .No  Yes,  not 

soon 
Michigan   Central    Yes 

Northern    Pacific    No  Yes.  soon 

Norfolk    Southern    No  No 

St.    Louis   &    Southwestern No  No 

Spokane,  Portland  &  Seattle. ..  .No  Yes.  one 

trestle 

Western    Maryland    No  Yes,  soon 

Watauga  &  Yadkin  River No  Yes.  but 

not  soon 

Spokane  International  No  Yes,  soon 
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Remarks. 
Not  yet,   doubtful. 
3  plate  girders   fastened. 
On    one    span    of    Ware 

River   Bridge. 
Think  they  are  all  right. 

5  bridges,  one  on  each 
district  being  tried. 

Don't  think  it  advisable 
to  make  test. 

One  bridge,  will   report. 

Did  not  put  them  on. 
No  report. 

Soon  as  opportunity  pre- 
sents itself. 

Several  girders  and  per- 
haps  trestle. 

2  important  bridges  this 
fall. 

Prefer  drift  bolts. 

Much  experience  and 
don't  like  them. 

Lags  ordered. 

1  trestle  V2  each  way. 

Fear  test  will  not  be  fa- 
vorable. 

No  report  until  next 
year. 

Looks  very  good  and 
holding. 

This  fall  sometime.  One 
bridge. 

Can't  see  any  advantage 
in  them. 

Not  in  favor  of  lag 
screws. 

About  January   15th. 

100  ft.  of  bolts  and  lags 

and    report. 
Report    doubtful. 

One  trestle  being  built 
500  ft.  long. 


Appendix  B. 

TABLE  SHOWING  ROADS  WHICH  ARE  NOW  USING,  MAKING 

TEST  OF  OR  PREPARING  TO  TEST  LAG  SCREWS 

FOR  FASTENING   GUARD   TIMBERS. 

No.        Railroad.  Remarks, 

i.  Akron,  Canton  &  Youngstown. . .  Not  yet  prepared  to  test.     Doubtful 

when. 

2.  Aransas   Pass   Terminal*. Entirely   satisfactory.     Best   method. 

3.  Boston   &   Albany Will  soon  make  test  on  one  span  of 

bridge. 

4.  Boston   &   Maine In  use  on  trestles  and  steel.     Stand- 

ard for  25  years. 

5.  Buffalo,  Rochester  &  Pittsburgh.  Are  now  making  test. 

6.  Cleveland,    Cincinnati,    Chicago 

&  St.  Louis In  use  on  trestle  and  steel,  alter- 
nately with  bolts ;  considering  use 
of  lags  only. 

7.  Chicago   Great   Western Not  using.     Will  likely  make  test. 

8.  Central  of  Georgia Have   had  good   success,   think  they 

are  O.  K. 

9.  Canadian   Government   Railways.  Not  yet  used.   Will  test  on  one  bridge 

and  report. 

10.  Chicago,  Indianapolis  &  Louis- 

ville     Doubtful,  but  may  make  test. 

11.  Canadian  Northern  In  use  20  years  on  trestle  and  steel, 

better  than  bolts. 

12.  Canadian  Pacific    Not  yet  used.     Will  make  test  soon. 

13.  Central  of  New  Jersey In  use  on  trestles  and  steel  in  con- 

nection with  bolts. 

14.  Chicago,   St.  Paul,  Minneapolis 

&  Omaha    Not  yet  used.     Are  testing  them  on 

five  bridges. 

15.  Chicago    Junction    Not  yet  used.     Will   probablv  make 

test. 

16.  Cuban    Central    Never  used  them.     Will  make  test. 

17.  Chicago,  Burlington  &  Quincy.  ..  Practice  is  to  use  them.    Satisfactory. 

18.  Delaware   &   Hudson In  use  on  trestle  and  steel.     Prefer- 

able to  bolts. 

19.  Duluth  &  Iron  Range Worthy  of  trial.     Will  accept  results 

of  other  roads. 

20.  Denver  &  Rio  Grande Will  test  on  several  girders  and  per- 

haps trestle. 

21.  Duluth,  South  Shore  &  Atlantic.  Now      testing     on      two      important 

bridges. 

22.  Elgin,  Joliet  &  Eastern Will  make  test. 

23.  El  Paso  &  Southwestern Will  probably  make  test. 

24.  Grand  Rapids  &  Indiana Worthy   of   trial.      Have   used   them 

on  steel  with  success. 

25.  Gulf  &  Ship   Island Worthy  of  trial.    Will  test. 

26.  Hudson  Bay    Worth  trial.     May  make  test. 

27.  Hocking  Valley   Tn  use  for  years.     Satisfactory. 

28.  Illinois    Central    Limited    use.      Will    test   one    trestle 

half  each  way. 

29.  International  &  Great  Northern. .  Successful    on    steel    bridges.      Will 

test  on  trestle. 

30.  Indiana   Harbor  Belt Worth  a  trial.     Will  test. 

31.  Indiana  Harbor  Belt Material  ordered  for  a  test. 
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32.  International  &  Great  Northern.  Have  tried  them  and  don't  like  them. 

33.  J.  P.  Snow,  Consulting  Engineer.  Have      used.        Highly      recommend 

them. 

34.  Kansas  City  Terminal «-. . .  In  use  on  trestle  and  steel. 

35.  Kanawha  &  Michigan In  use  on  trestle  and  steel.     Better 

than  bolts. 

36.  Louisiana  &  Arkansas In  use  on  trestles.     Prefer  them  to 

bolts. 

3-.  Louisville  &  Nashville In    use   on   trestle   and    steel.     Very 

successful. 

38.  Long  Island    Making     test.        Recommend     large 

shoulder  and  omit  washer. 

39.  Lake  Shore  Electric Worth  trial.     May  make  test. 

40.  Lake  Superior  &  Ishpeming Worth  trial.     Will  test  next  year. 

41.  Maine   Central    Now  using  them  with  good  success. 

42.  Michigan    Central    Are   making   test.     Test   looks   good 

and  is  holding. 
4.3.  Missouri    Pacific    Standard  for  wooden  bridges. 

44.  MacKenzie,  Mann  &  Co Intend  to  try  them  on  first  opportu- 

nity. 

45.  Mobile    &    Ohio In  use  on  trestles.    Very  satisfactory. 

46.  Mississippi  River  &  Bonne  Terre.  In    use    on    trestle    and"   steel.      Per- 

fectly satisfactory. 

47.  New     York.     New     Haven     & 

Hartford     .' In  use  on  trestle  and  steel.     Better 

than  bolts,  will  not  loosen. 

48.  Northern   Pacific   Will  lest  on  one  bridge  soon. 

-|Q.  Nashville,    Chattanooga    &    St. 

Louis    In   use   on  trestle   and   steel.     Satis- 
factory. 

50.  Norfolk  &  Western Doubt  merit,  but  think  it  worthy  of 

trial. 

51.  Pennsylvania   In  use  on  trestle  and  steel.     Prefer- 

able to  bolts  or  boat  spikes. 

52.  Philadelphia  &   Reading In    use   on   trestle    and    steel.     Very 

good. 

53.  Puget  Sound   Tn  successful  use. 

54.  San  Pedro,  Los  Angeles  &  Salt 

Lake   Worth  trial,  but  doubtful  if  test  will 

be   made. 

55.  Seaboard  Air  Line In  use  on  trestle  only.    Very  success- 

ful. 

56.  Spokane  International   Will     test     on     50c- ft.     trestle     now 

building. 

57.  Spokane.   Portland  &   Seattle.  ...  Not  used.     Will  test  on   one  trestle 

this  year. 

58.  Toledo  &  Ohio  Central Have   found  them  unsatisfactory. 

59.  Terminal     Association     of     St. 

Louis  Not  used,  probably  will  test. 

60.  Wabash  In  use  on  trestle  only.     Satisfactory. 

61.  Waddell  &  Harrington Worth  a  trial. 

62.  Western  Maryland    Not  used,  worth  trial.     Will  test  100 

ft.,  lags  and  bolts. 

63.  Wheeling  &  Lake  Erie Worth  a  trial.     Probably  will  test. 

64.  Watauga  &  Yadkin  River Intend  to  try,  but  not  soon. 

Note. — Table  compiled  from  replies  to  circulars. 

Roads   now   using   lag  screws    for   trestle  or   steel 27 

Roads  now  testing,  planning  to  test  or  recommend  test 37 

Total  number  of  roads   replying 131 


REPORT  OF  COMMITTEE  VIII— ON  MASONRY. 

F.  E.  Schall,  Chairman;  F.  L.  Thompson,  Vice-Chairman; 

R.   Armour,  YV.  S.  Lacher. 

John  C.  Beye,  C.  P.  Richardson, 

H.    A.    CASSIL.  R.   A.    RlTI.EDCE, 

T.    L.    CoNDROX,  G.    II.    ScRIBXER.   Jr.. 

J.   K.  Coxxer,  F.   P.  SlSSON, 

L  I.  Hotchki>>.  Job  Tuthill, 

Richard  L.  Humphrey,  J.  J.  Yates, 

Committer. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

The  Committee  on  Masonry,  during  the  past  year,  held  one  meeting 
of  the  whole  Committee  on  Decemher  6,  191 5,  at  Chicago.  Meetings  of 
the  various  Suh-Committees  were  held  at  different  points;  most  of  the 
committee  work,  however,  was  carried  on  through  correspondence  be- 
tween the   members  of  the   Sub-Committees. 

The  following  Sub-Committees  were  appointed  to  deal  with  the 
subjects  assigned  by  the  Board  of  Direction: 

Sub-Committee  "A" — "Make  critical  examination  of  the  subject- 
matter  in  the  Manual,  and  submit  recommendations  for  changes."  T.  L. 
Condron.  Chairman;  L.  J.  Hotchkiss,  \V.  S.  Lacher,  G.  H.  Scribner,  Jr. 

Sub-Committee  "B" — ''Retort  or.  east  and  method  "f  constructing  con- 
crete piles."  F.  L.  Thompson.  Chairman  ;  John  C.  Beye,  C.  P.  Richard- 
-"ii.  F.   P.   Sisson. 

Sub-Committee  "C" — "Report  on  appearance,  wearing  qualities  and 
cost  of  surface  finish  of  concrete."  Job  Tuthill,  Chairman  :  H.  A.  Cassil. 
J.  K.  Conner,  R.  A.  Rutledge. 

Sub-Committee  "D" — "Report  on  design  of  foundations  for  piers,  abut- 
ments, retaining  lealls  and  arches  in  various  soils  and  depth  of  water 
(not  including  pneumatic  ' foundations ) .''  J.  J.  Yates,  Chairman;  R. 
Armour,   Richard   L.   Humphrey,   F.   E.   Schall. 

Joint  Committee  on  Standard  Specifications  for  Cement.  H.  A. 
Cassil,  J.  K.  Conner,  F.  E.  Schall,  F.   P.  Sisson,  J.  J.  Yates. 

Joint  Committee  on  Concrete  and  Reinforced  Concrete.  H.  A.  Cassil, 
F.  E.  Schall.  F.  P.  Sisson,  J.  J.  Yates. 

REVISION   OF   MANUAL. 

The  Sab-Committee,  on  account  of  the  new  Manual  being  in  print, 
prepared  its  report,  and,  after  written  discussion  between  the  members 
of  the  Masonry  Committee,  the  report  was  forwarded  to  the  Secretary. 
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COST  AND  METHOD  OF  CONSTRUCTING  CONCRETE  PILES. 

This  Committee  made  further  study  of  the  data  collected  and 
presents  a  report  on  the  subject. 

The  Committee  also  submits  general  specifications  for  the  construc- 
tion of  pre-molded  concrete  piles  and  the  driving  of  such  piles.  Typical 
designs  of  pre-molded  reinforced  concrete  piles  were  submitted  in  last 
year's  Proceedings.  The  so-called  cast-in-place  concrete  piles  being  of 
patented  designs  or  method  of  construction,  were  not  considered  by 
the   Committee. 

APPEARANCE,    WEARING    QUALITIES    AND    COST    OF    SUR- 
FACE FINISH  OF  CONCRETE. 

This  Committee  presents  a  final  report  on  the  subject  and  submits 
general  specifications  for  different  surface  finishes  of  concrete  used  in 
general  railroad  construction. 

The  Committee  also  presents  certain  conclusions  on  the  subject  for 
adoption  and  publication  in  the  Manual. 

DESIGN  OF  FOUNDATIONS  FOR  PIERS,  ABUTMENTS.  RETAIN- 
ING  WALLS   AND   ARCHES    IN    VARIOUS    SOILS    AND 
DEPTH  OF  WATER   (NOT  CONSIDERING  PNEU- 
MATIC FOUNDATIONS). 

This  Committee  confined  its  activity  to  the  searching  of  records 
as  to  the  general  practice  of  investigating  the  carrying  capacity  of 
foundation  soils.  A  number  of  questions  relative  to  the  method  of  testing 
foundations  in  general  were  submitted  to  members  of  the  Association 
and  others ;  the  answers  to  the  questions  are  presented  in  the  progress 
report  of  the  Committee  in  tabulated  form.  The  work  of  this  Sub- 
Committee  embraces  a  very  large  and  important  field  for  investigation 
and  study  and  its  work  will  necessarily  extend  over  a  number  of  years 
and  the  reassignment  of  the  subject  is  requested. 

The  Committee  will,  in  the  near  future,  prepare  a  form  showing 
in  what  manner  records  of  tests  of  foundation  soils  may  be  kept,  as 
a  guide  to  the  Engineer  making  such  tests,  and  to  facilitate  the  work 
of  your  Committee. 

It  is  most  earnestly  hoped  that  the  members  of  the  Association  will 
co-operate  in  this  matter,  having  tests  of  foundation  soils  recorded 
and  copies  of  such  records  furnished  to  the  Masonry  Committee. 

JOINT  COMMITTEE  ON  SPECIFICATIONS  FOR  CEMENT. 

(COMMITTEE    C-I,    AMERICAN    SOCIETY    FOR    TESTING    MATERIALS.) 

The  Joint  Committee  held  several  meetings  during  the  past  year. 
The    report    of    the   Joint    Conference,    appointed    to    reconcile     dif- 
ferences between  the  specifications  of  the  American   Society   for  Testing 
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Materials  and  the  United  States  Government  Specifications  for  Cement, 
presented  its  long-looked-for  report  on  June  15,  1915.  The  report  is 
very  complete,  but  in  addition  to  reconciling  the  differences  existing 
at  the  time  the  Joint  Conference  was  appointed,  the  Committee  under- 
took to  make  a  number  of  changes  iri  the  specifications.  This  action, 
by  reason  of  not  being  represented  on  the  Joint  Conference,  was  resented 
by  the  manufacturers  of  cement  and  at  the  meeting  on  June  15th  at 
Philadelphia,  as  well  as  at  the  meeting  held  on  June  24,  1915,  at  Atlantic 
City,  forced  the  adoption  of  a  motion  to  suppress  the  report  of  the 
Joint  Conference  until  thoroughly  investigated,  and  caused  the  adoption 
of  a  motion  to  submit  the  report  to  a  number  of  sub-committees  to 
determine  the  value  of  the  specifications  as  presented  and  the  effect 
the  specifications  will  have  on  the  cement  manufacturing  interests.  These 
sub-committees  are  supposed  to  report  within  one  year  to  Committee  C-i 
of  the  American  Society  for  Testing  Materials.  The  representatives  of 
the  American  Railway  Engineering  Association  are  represented  on  the 
sub-committees  to  investigate  the  proposed  specifications. 

The  Sub-Committee  on  Accelerated  Tests  of  Cement  held  one  meet- 
ing during  the  past  year  and  decided  that  until  such  tests  have  received 
a  more  complete  investigation  and  until  the  value  and  purpose  of  the 
accelerated  test  is  more  fully  established,  the  existing  requirements  as 
to  constancy  of  volume  of  cements  should  govern. 

JOINT   COMMITEE   ON   CONCRETE  AND   REINFORCED 
CONCRETE. 

The  Joint  Committee  held  several  meetings  during  the  past  year,  at 
which  the  members  from  the  Masonry  Committee  assigned  to  the  Joint 
Committee  participated  under  a  ruling  by  the  Board  of  Direction. 

The  subjects  under  consideration  at  these  meetings  comprised  the 
presentation  of  formulas  for  design  of  reinforced  concrete  floors  sup- 
ported by  columns  for  buildings  and-  also  the  quality  of  reinforcing 
steel,  more  particularly  the  use  of  reinforcing  bars  rolled  from  steel 
rails. 

The  general  opinion  of  a  number  of  the  members  of  the  Joint  Com- 
mittee is  that  the  Committee  has  outlived  its  usefulness  and  an  early 
closing  of  its  affairs  may  be  looked  for.  It  is  thought  that  a  committee 
with  new  members  can  be  appointed  whenever  the  conditions  seem  to 
require  such  action. 

The  question  of  a  contribution  to  the  extent  of  $250  by  the  American 
Railway  Engineering  Association  as  its  proportionate  share  of  the  ex- 
penses during  the  past  years  of  the  Joint  Committee  will  be  presented 
to  this  Association,  and,  inasmuch  as  the  members  from  this  Association 
participated  in  the  work  of  the  Joint  Committee,  favorable  action  as  to 
some  contribution  is  recommended,  understanding  that  a  sufficient  number 
of  copies  of  the  report  of  the  Joint  Committee  are  furnished  to  the 
American  Railway  Engineering  Association. 
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Your  members  assigned  to  the  Joint  Committee  request  action  by 
tin's   Association  on  trie   following  points: 

(i)  Are  steel  reinforcing  bars  rolled  from  steel  rails  recommended 
for  general  use  in  reinforced  concrete  construction? 

(2)  Are  steel  reinforcing  bars  rolled  from  steel  rails  recommended 
for  general  use  in  reinforced  concrete  construction,  provided  such  bars 
are  used  only  when  the  bars  do  not  require  to  be  bent? 

(3)  Are  steel  reinforcing  bars  rolled  from  steel  rails  recommended 
for  general  use  in  reinforced  concrete  construction  under  the  same 
conditions  as  steel  reinforcement  bars  rolled  from  billets  under  the 
requirements  of  the  specifications  for  high  carbon  steel  of  the  American 
Society  for  Testing  Materials?  (See  Year  Book  19T4,  American  Society 
for    Testing    Materials,    pages   87-89.) 

NEXT  YEAR'S  WORK. 

It  is  recommended  that  the  subject  of  cost  and  method  of  construct- 
ing concrete  piles  be  reassigned  to  the  Committee  for  further  considera- 
tion ;  the  Committee  to  present  additional  typical  designs  for  such  piles  for 
different  loading  and  rules  for  the  driving  of  such  piles  under  various  con- 
ditions and  loading.  The  subject  of  certain  typical  designs  of  foundations 
for  piers,  abutments,  retaining  walls  and  arches  in  various  soils  and  depths 
of  water  (not  including  pneumatic  foundations)  to  be  reassigned  to  the 
Committee. 

Respectfully  submitted, 

COMMITTEE  ON  MASONRY. 
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COST  AND  METHOD  OF  CONSTRUCTING  CONCRETE  PILES. 

Your  Committee,  in  its  progress  report  last  year,  presented  typical 
designs  for  concrete  piles  and  tables  showing  the  cost  and  use  of  such 
piles. 

No  further  information  was  requested  from  the  membership  of  the 
Association  on  this  subject,  your  Committee  confining  it's  work  to  further 
study  of  the  data  presented  last  year. 

The  typical  designs  for  concrete  piles,  illustrated  in  last  year's  Pro- 
ceedings, furnish,  in  the  opinion  of  your  Committee,  a  sufficient  variation 
to  give  information  in  regard  to  designs  of  piles  that  may  be  suitable 
for  certain  classes  of  work. 

It  is  to  be  understood  that  the  load  which  a  concrete  pile  is  to 
carry,  the  nature  of  the  soil  into  which  it  is  to  be  driven,  whether  the 
pile  will  act  as  a  column  on  the  hard  bottom  or  whether  the  pile 
receives  support  from  the  soil  through  skin  friction,  are  factors  that 
enter  into  the  question  as  to  size,  design  and  amount  of  steel  reinforce- 
ment required. 

The  question  as  to  whether  square,  octagon  or  hexagon-shaped  con- 
crete piles  should  be  used,  depends  upon  the  style  of  the  structure  the 
piles  are  to  carry;  the  question  as  to  whether  tapered  or  straight  concrete 
piles  should  be  used  depends  upon  the  soil  in  which  they  are  to  be  driven 
and  whether  the  piles  act  as  a  simple  column  or  whether  skin  friction 
may  be  obtained;  these  questions  must  be  decided  by  the  designer.  The 
hexagon-shaped  pile,  either  tapered  or  straight,  by  reason  of  its  com- 
parative constant  diametric  section,  seems  to  present  the  most  suitable 
shape  for  general  conditions.  A  square  pile,  if  twisted  in  driving,  may- 
cause  the  enlargement  of  the  supporting  cap  in  case  of  narrow  work, 
while  under  the  same  conditions  the  hexagon-shaped  pile,  which  does 
not  materially  change  in  diameter,  may  not  cause  such  enlargement. 

The  cost  of  constructing  concrete  piles  depends  upon  the  number, 
length  and  size  of  the  piles  required  at  a  given  point,  the  load  that  a 
pile  is  to  carry,  the  amount  of  steel  reinforcement  required,  the  design 
of  the  pile  (either  as  a  free  column  for  soft  ground  or  a  supported 
column  for  harder  ground),  the  shape  of  the  pile  and  the  nature  of 
the  soil  in  which  a  concrete  pile  is  to  be  driven.  The  available  space 
for  manufacturing  and  storage  for  seasoning  of  piles,  and  the  distance 
of  such  storage  ground  from  the  site  of  the  structure  have  a  large  bear- 
ing on  the  cost  of  constructing  concrete  piles. 

No  exact  cost  data  can  be  set  up  by  reason  of  the  varying  condi- 
tions, both  as  to  structures  and  localities.  A  fair  idea,  however,  can 
be  obtained  by  examining  the  tables  published  in  last  year's  Proceedings. 

Concrete  piles,  to  obtain  good  results,  should  be  seasoned  not  less 
than  30  to  40  days  before  handling  and  driving,  depending  upon  the 
amount  of  driving  expected  and  the  season  of  the  year  when  the  piles 
are  made. 
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Your  Committee  considered  only  the  pre-niolded  concrete  pile,  as 
that  style  of  pile  was  understood  to  he  covered  by  the  instructions  to 
the  Committee. 

SPECIFICATIONS  FOR  CONSTRUCTING  CONCRETE  PILES. 

i.  The  piles  shall  be  made  in  accordance  with  the  dimensions  shown 
on  the  plans. 

2.  The  workmanship  and  materials  shall  be  in  accordance  with  the 
Specifications  for  Plain  and  Reinforced  Concrete  and  Steel  Reinforce- 
ment as  embodied  in  the  Manual,  with  the  following  modifications : 

3.  The  coarse  aggregate  shall  consist  of  material  such  as  crushed 
stone  or  gravel  varying  in  size  from  Jkj-inch  to  ^4-inch ;  it  shall  be 
clean,  hard,   durable  and   free   from   all  deleterious   matter. 

4.  The  proportions  of  the  concrete  shall  be  1  part  cement,  2  parts 
fine  aggregate  and  4  parts  coarse  aggregate. 

5.  The  forms  for  concrete  piles  shall  be  made  under  the  require- 
ments for  forms  of  concrete  and  reinforced  concrete  as  published  in 
the  Manual;  they  must  rest  upon  supports  spaced  not  over  4  feet  centers; 
forms  are  generally  collapsible,  the  bottom  left  under  the  piles  until 
the  piles  have  seasoned  sufficiently  to  permit  turning  upon  the  supports. 

6.  Concrete  piles  shall  not  be  handled  on  the  supports  under  10 
days  or  moved  to  the  site  for  driving,  unless  they  have  seasoned  30  to 
40  days;  all  concrete  piles  must  be  handled  careful-ly,  avoiding  all  drops 
or  heavy  jarring. 

SPECIFICATIONS  FOR  DRIVING  CONCRETE  PILES. 

1.  Piling  shall  be  protected  during  driving  with  an  approved  cushion 
cap. 

2.  The  driving  or  jetting  of  piles  shall  be  governed  by  "Pile  Driv- 
ing— -Principles  of  Practice,"  given  in  the  Specifications  for  Workman- 
ship for  Pile  and  Frame  Trestles  in  the  Manual  of  the  Association. 

3.  In  driving,  preference  will  be  given  to  a  steam  hammer.  Where 
a  drop  hammer  is  permitted  a  heavy  hammer  with  a  short  drop  shall 
be  used;  where  jetting  and  driving  are  employed  a  steam  hammer  is 
preferred. 

4.  Any  pile  injured  in  driving  or  driven  out  of  place  shall  either 
be  pulled  out,  cut  off  or  replaced  by  a  new  pile,  as  may  be  directed  by 
the  Engineer. 

5.  On  sloping  ground  and  where  necessary,  a  suitable  hole  shall  be 
dug  at  the  location  of  each  pile  to  aid  in  holding  it  in  proper  position. 

6.  Before  driving  the  piles  shall  be  carefully  located  and  set  to 
the  line  called  for  on  the  plan,  and  the  pile-driver  leads  held  in  proper 
position  by  means  of  guy  lines. 

7.  Unless  otherwise  called  for  on  the  plans,  piles  shall  be  driven 
in  a  plumb  position  as  near  as  possible;  any  pile  out  of  plumb  more 
than  one-half  inch  per  foot,  or  out  of  position  more  than  one  foot,  shall 
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be   pulled   and  re-driven   or   cut  off  and   replaced  by   a   new   pile,   if    so 
required  by  the  Engineer. 

8.  All  reasonable  efforts  shall  be  made  to  drive  the  concrete  piles 
to  plan  cut-off,  the  lengths  of  piles  having  been  determined  by  borings 
or  test  piles;  driving  will  be  continued  until  this  point  is  reached  or 
until  the  following  conditions  are  met.  (Cases  where  driving  is  through 
soft  soil  to  hard  bottom  or  rock  excepted.) 

9.  Piles  which  are  to  carry  a  load  of    net  tons  shall  have 

a    penetration    for    the    last   6    blows    not    exceeding    inch    per 

blow  by  the  following  hammers : 

(a)  Steam  hammer  weighing  lbs.,  weight  of  plunger  

lbs.,  height  of  drop  feet,  or  steam  hammer  of  equal  mechanical 

effect. 

(b)  Drop    hammer    weighing    lbs.,    height    of    drop    ..' 

feet,  or  drop  hammer  of  equal  mechanical  effect. 

10.  In  selecting  the  weight  of  the  hammer,  the  size  and  weight  of 
the  pile  should  be  considered. 

CUTTING  OFF  PILES. 

1.  Where  it  is  not  possible  to  drive  concrete  piles  to  plan  cut-off, 
it  will  be  necessary  to  remove  a  portion  of  the  pile  above  this  point,  and, 
unless  otherwise  specified,  a  variation  of  4  inches  will  be  allowed  above 
the  plan  cut-off  for  the  inequalities  of  the  tops  of  the  piles.  All  shaken 
or  loosened  parts  of  the  head  of  cut-off  piles  shall  be  removed. 

2.  Where  reinforcement  has  to  be  cut  off  it  shall  be  done  by  a  hack 
saw  or  oxy-acetylene  torch. 
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APPEARANCE,  WEARING  QUALITIES  AND  COST  OF  VARIOUS 

METHODS  OF  SURFACE  FINISH  OF  CONCRETE. 

appearance. 

The  appearance  of  the  surface  of  concrete  is  dependent  upon  the 
materials  of  which  the  concrete  is  composed,  the  forms  in  which  the 
concrete  is  placed  and  the  treatment  given  the  surface  after  the  forms 
are  removed.  Without  special  treatment  the  color  is  due  almost  entirely 
to  the  cement,  the  sand  ordinarily  used  affecting  it  only  to  a  minor 
extent.  When  treated  mechanically  the  colors  of  the  aggregates  have 
a  large  influence  upon  that  of  the  surface,  the  size  of  the  grains  of  the 
sand  and  of  the  stone  modify  the  texture,  and  a  variety  of  color  and 
texture  can  be  obtained  in  pleasing  effects  by  a  careful  selection  and 
proportioning  of  the  aggregates.  The  appearance  is  also  influenced  by 
the  amount  of  water  used,  as  this  affects  the  density  of  the  concrete 
and  the  time  of  setting  and  thereby  the  color.  If  the  surface  is  allowed 
to  dry  rapidly  the  color  will  be  lighter  than  if  kept  damp  and  allowed 
to  dry  slowly. 

DURABILITY. 

The  durability  of  a  finish  depends  mainly  upon  the  resistance  of 
the  surface  of  the  concrete  to  the  penetration  of  moisture.  A  skin 
of  mortar  is  produced  against  the  form  and  the  more  non-absorbent  the 
form  material  the  richer  in  cement  will  this  outside  coating  be  and 
therefore  the  more  impervious  to  moisture.  When  this  skin  of  mortar 
is  removed  by  any  process,  the  resulting  surface  is  more  susceptible  to 
the  influence  of  the  weather  and  with  a  porous  concrete  the  action 
of  frost  may  produce  serious  disintegration.  The  quality  of  the  concrete 
should  therefore  be  taken  into  consideration  in  deciding  upon  the  treat- 
ment for  the  surface,  a  richer  mixture  and  greater  density  being  desir- 
able if  the  outer  coating  is  to  be  removed.  A  roughened  surface  is 
more  susceptible  to  discoloration  from  dust  and  smoke  and  in  general 
the  smooth  natural  surface  left  by  the  forms  is  the  most  durable,  both 
as  to  wearing  qualities  and  color. 

METHODS    OF    FINISHING. 

The  following  methods  are  those  generally  used  for  finishing  con- 
crete surfaces : 

Spading  or  Working  the  Coarse  Aggregate  Away  from  the  Form. 

I.  As  the  concrete  is  deposited,  the  coarse  aggregate  is  carefully 
worked  back  from  the  forms  into  the  mass  of  the  concrete  with  spades, 
fine  stone  forks  or  other  tools,  leaving  only  mortar  next  to  the  forms. 
All  holes  or  voids  appearing  after  the  removal  of  the  forms  should  be 
filled  with  a  mortar  made  of  the  same  proportions  of  cement  and  sand 
as  the  mortar  of  the  concrete  and  rubbed  smooth  and  even  with  the 
surface  with  a  wooden  float. 

This  method  is  generally  used  and  where  decorative  treatment  is 
not   required,    produces   the   best   finish    for   the    least   expense.     The   re- 
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sultant  surface  should  be  as  smooth  as  the  forms  against  which  it  is 
made,  is  nearly  impervious  to  moisture  and  its  wearing  qualities  are 
equal,  if  not  superior,  to  those  of  any  other  method.  By  using  dressed 
lumber  for  forms,  careful  workmanship,  and  coating  the  inside  with 
raw  paraffin,  very  smooth  surfaces,  free  from  grain  marks,  can  be 
obtained. 

Forms  of  metal  or  wooden  forms  lined  with  metal  give  a  smoother 
surface  than  bare  wood,  but  being  non-absorbent,  an  excess  of  cement 
is  brought  to  the  form,  producing  a  thin  skin  of  rich  mortar  on  the 
surface  of  the  concrete,  that  later  may  develop  unsightly  hair  cracks 
and  checks. 

Coating  with  a  Wash  of  Cement. 

2.  After  the  forms  are  removed  a  wash  usually  of  one  part  cement 
and  one  part  sand  is  applied  to  the  surface  with  a  brush.  This  fills 
up  the  pores,  covers  the  small  inequalities  and  wood  grain  marks  and 
produces  a  smooth  and  more  even  finish  and  color.  The  film  of  mortar 
thus  put  on  usually  develops  checks  and  hair  cracks  and  later  scales 
and  flakes  off. 

Rubbing. 

3.  This  method  consists  in  rubbing  the  surface  of  the  concrete  to 
the  desired  degree  of  smoothness  with  carborundum  bricks,  cement 
bricks  or  with  wooden  floats  in  the  manner  described  below.  The  rub- 
bing smooths  inequalities,  fills  the  pores  and  small  cavities  and  forms  a 
surface  of  uniform  finish  and  appearance  that  does  not  flake  or  scale. 
The  earlier  the  rubbing  is  done  the  better  are  the  results. 

SPECIFICATIONS    FOR   RUBBING   WITH    CARBORUNDUM    OR 
CEMENT   BRICKS. 

1.  As  the  concrete  is  deposited,  the  coarse  aggregate  shall  be  care- 
fully worked  back  from  the  forms  with  spades,  fine  stone  forks  or  other 
proper  tools  so  as  to  bring  a  layer  of  mortar  against  the  face  of  the 
forms. 

2.  The  forms  shall  be  removed  as  early  as  practicable  from  the 
surfaces  to  be  finished,  joint  marks,  projections  and  inequalities  removed 
and  all  cavities  filled  with  mortar.  These  surfaces  shall  then  be  thor- 
oughly wet  with  water  and  rubbed  to  a  smooth  uniform  finish  with  a 
flat  stone,  a  cement  brick  made  of  one  part  Portland  cement  to  two 
or  two  and  one-half  parts  sand ;  or  first  with  a  No.  8  carborundum  brick, 
followed  by  a  No.  30,  as  may  be  necessary  to  obtain  the  desired  degree 
of  smoothness. 

3.  No  mortar  or  cement  shall  be  applied  except  to  fill  distinct 
holes  or  cavities.  Uneven  places  shall  be  smoothed  by  rubbing  down 
and  not  by  plastering.  The  surface  shall  not  be  washed  after  the  rubbing 
but  shall  be  protected  by  moist  canvas  or  other  suitable  means  for  three 
days  after  the  rubbing  is  completed. 
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SPECIFICATIONS  FOR  RUBBING  WITH  WOODEN  FLOATS. 

i.  As  the  concrete  is  deposited,  the  coarse  aggregate  shall  be  care- 
fully worked  back  from  the  forms  with  spades,  fine  stone  forks  or  other 
proper  tools,  so  as  to  bring  a  layer  of  mortar  against  the  face  of  the 
forms. 

2.  The  forms  shall  be  removed  from  the  surfaces  to  be  finished  while 
the  concrete  is  green;  joint  marks,  projections  and  inequalities  removed 
and  all  cavities  filled  with  mortar.  The  surfaces  shall  then  be  rubbed 
with  soft  wood  floats  and  kept  well  flushed  with  clean  water  during 
the  rubbing.  When  the  desired  finish  is  obtained  the  whole  surface  shall 
be  thoroughly  washed. 

3.  No  mortar  or  cement  shall  be  applied  except  to  fill  holes  or 
cavities.  Uneven  places  shall  be  smoothed  by  chipping  and  rubbing 
down  and  not  by  plastering. 

4.  All  work  shall  be  finished  free  from  discolorations,  streaks,  or 
other  imperfections  that  injure  the  appearance  or  life  of  the  work. 

Removing  the  Outside   Mortar  and   Exposing  the  Aggregate. 

5.  This  method  requires  a  coating  or  layer  of  specially  prepared 
aggregate  on  the  outside  of  the  concrete  where  the  surface  is  to  be 
treated.  By  carefully  selecting  and  combining  the  aggregates  a  variety 
of  color  and  textures  can  be  obtained.  A  combination  of  gravel  and 
crushed  stone,  for  instance,  gives  a  more  varied  effect  than  either  alone. 
The  color  and  texture  depend  upon  the  color,  size  and  proportions  of 
the  aggregates  used,  therefore  accurate  measurement  of  materials,  gag- 
ing with  the  proper  amount  of  water  and  careful  mixing  for  each  batch 
are  necessary  for  uniform  results.  Where  the  surfaces  are  too  large  to 
concrete  in  one  day,  the  forms  must  be  constructed  so  that  the  face 
forms  can  be  readily  removed  from  the  sections  as  they  are  ready 
for  treatment.  Good  form  material  and  careful  construction  are  also 
essential. 

The  surface  coating  prepared  to  produce  the  desired  appearance  is 
placed  against  the  form  as  the  concrete  is  deposited  and  after  removing 
the  forms  the  surface  is  finished  by: 

(a)  Washing  or  scrubbing  with  brushes  and  water. 

(b)  Treating  with   acids. 

(c)  Removing  the  mortar  with  a  sand  blast. 

SPECIFICATIONS  FOR  WASHED  OR  SCRUBBED  SURFACES. 

I.  The  outside  layer  for  the  finished  surface  shall  be  composed 
of  one  (1)  part  cement  to  two  (2)  parts  coarse  sand  and  two  (2)  parts 
granolithic  grit  (or  whatever  aggregate  is  desired),  mixed  to  stiff  mortar. 
The   aggregate    shall   be    (description    of    aggregate)    crushed   to    pass    a 

sieve  of  mesh  and  screened  free  of  dust.     For  vertical  surfaces 

the  mixture  shall  be  placed  by  skilled  workmen  against  the  face  of  the 
forms  in  a  layer  not  less  than  one  and  one-half   (iy2)   inches  thick,  as 
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the  concrete  is  placed  so  that   it   shall   form   a  part  of  the  body  of  the 
work.     Care  shall  be  taken  to  prevent  air  spaces  or  voids  in  the  surface. 

2.  As  soon  as  tbe  concrete  has  sufficiently  hardened,  but  is  still 
quite  green,  the  forms  shall  be  removed  from  the  surfaces  to  be  finished 
and  all  voids  be  filled  with  the  surface  mixture. 

3.  The  surface  shall  then  be  washed  with  water  and  brushes  of 
stiff  fiber  or  wire  until  the  grit  (or  other  aggregate)  is  sufficiently 
exposed  and  projects  slightly,  but  not  enough  to  injure  its  adhesion  to 
the  mass.  The  whole  surface  shall  then  be  rinsed  thoroughly  clean  and 
kept  moist  and  protected  from  the  sun  for  not  less  than  three   (3)   days. 

4.  For  horizontal  surfaces  the  surface  mixture  shall  be  not  less 
than  one  and  one-half  (1^2)  inches  thick,  placed  immediately  after  the 
concrete  is  deposited  and  before  it  has  set,  troweled  or  floated  to  an 
even  surface  and  after  it  has  set  sufficiently  hard  shall  be  washed  as 
above  until  the  grit    (or   the   aggregate)    is  exposed. 

Treatment  with   Acid. 

The  surface  layer  is  washed  with  acid  and  scrubbed  as  above,  com- 
mercial hydrochloric  or  nitric  acids  are  used,  diluted  usually  one  part 
to  two  or  three  parts  of  water,  according  to  the  age  of  the  concrete 
as  determined  by  experiment  on  the  work.  Great  care  must  be  taken 
to  remove  completely  all  traces  of  the  acid,  otherwise  its  action  will 
continue   and  the   surface   be   permanently   discolored. 

This  treatment  is  sometimes  used  after  the  washing  or  scrubbing 
method,  to  clean  thoroughly  all  traces  of  cement  from  surface  of  the 
aggregate  and  better  bring  out  its  natural  color.  The  surface  is  washed 
with  a  dilute  solution  of  hydrochloric  acid  with  an  ordinary  calcimine 
brush  and  rubbed  while  wet  with  a  stiff  vegetable  fiber  brush.  The  acid 
should  not  be  left  on  more  than  thirty  minutes  and  should  then  be  thor- 
oughly and  carefully  washed  off. 

Treatment  with   Sand    Blast. 

Removing  the  mortar  with  the  sand  blast  has  not  generally  proved 
successful,  because  of  the  varying  density  or  hardness  of  ordinary  con- 
crete, and  consequent  difficulty  in  removing  the  mortar  to  a  uniform 
depth.  The  nozzle  should  not  be  larger  then  one-eighth  (%)  inch 
diameter  and  be  held  close  to  the  surface  to  be  cut  and  a  very  hard 
sand   with   angular  grains  must   be   used. 

Tooling  the   Surface. 

5.  Concrete  may  be  cut  or  dressed  similar  to  natural  stone  with 
a  crandall,  bush  hammer  rotary  or  other  tools.  This  treatment  carried 
to  the  extent  of  cutting  slightly  into  the  aggregate  produces  attractive 
surfaces  and  bush  hammering  is  considered  by  many  to  give  the  best 
possible  appearance  at  a  reasonable  cost.  For  the  best  results  thor- 
oughly spaded  surfaces  or  surfaces  composed  of  special  aggregate  are 
necessary.  The  aggregate  and  the  mortar  should  be  as  nearly  of  equal 
hardness  as  possible,  and  the  smaller  and  more  uniform  the  size  of  the 
aggregate,  the  more  nearly  will  the  resulting  surface  resemble  natural 
stone. 
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Scoring  or  Blocking  the  Surface. 

.  6.  The  effect  of  courses  can  be  produced  by  placing  "V-shaped 
battens,  properly  arranged,  horizontally  on  the  inside  face  of  the  forms. 
Vertical  battens  should  be  limited  to  construction  joints  rather  than 
used  to  imitate  stone  work.  The  marks  or  scorings  thus  produced 
break  the  flat  appearance  of  large  surfaces,  render  expansion  joints 
less  prominent  and  obscure  the  lines  between  different  days'  work. 
They  are  quite  as  effective  in  rubbed  or  scrubbed  surfaces  and  prevent 
the  marks  so  difficult  to  avoid  between  two  pieces  of  finishing. 
Sidewalk  and  Floor   Finishes. 

7.  Sidewalks  should  be  finished  with  a  wearing  surface  not  less  than 
one-half  an  inch  thick  of  mortar  composed  of  one  part  cement  to  two 
parts  of  hard  sand  laid  at  the  same  time  as  the  base  to  secure  a  thor- 
ough bonding.  A  better  wearing  surface  is  produced  by  increasing  the 
thickness  to  one  inch  and  using  one  and  one-half  parts  cement,  one 
part  coarse  sand  and  two  parts  granite  grit  laid  at  the  same  time 
as  the  base.  This  top  surface  should  be  well  troweled  and  where  neces- 
sary to  prevent  slipping,  finished  with  a  wood  float,  a  bristle  or  coarse 
broom  or  roughened  by  small  prick  marks.  All  edges  and  joints  should 
be  rounded  and  finished  with  a  smoothing  iron  and  proper  provision 
made  for  expansion. 

Concrete  floors  do  not  stand  hard  trucking  without  considerable 
wear  and  dust.  The  wearing  surface  should  be  mortar  mixed  with 
carborundum,  granite  grit  or  other  hard  aggregate  and  troweled  hard. 
Some  patented  combinations  of  sal-ammoniac  and  finely  divided  iron 
have  proved  fairly  durable. 

COST. 

Very  little  reliable  data  on  the  cost  of  the  various  kinds  of  finish 
has  been  found  available.  It  is  generally  conceded  that  the  cost  of 
spaded  surfaces  is  practically  inappreciable.  Costs  of  some  of  the  other 
methods   from   various   sources   are   as   follows : 

Rubbing  with  carborundum,   ic  to  4c  per  square  foot. 

Rubbing  with  wood  floats,  ic  to  4c  per  square  foot. 

Sand  blast,   2c  per   square   foot. 

Bush  hammering  or  tooling,  3c  to  10c  per  square  foot. 

CONCLUSIONS. 

SURFACE   FINISH    OF   CONCRETE. 

1.  For  all  work  not  requiring  decorative  treatment  spaded  finish  is 
recommended  as  the  most  durable,  the  most  readily  applied  and  the 
most   economical. 

2.  Coating  with  a  wash  of  cement  is  not  recommended. 

3.  Rubbing  with  carborundum  bricks  or  wood  floats  is  next  to 
spading  in  ease  of  application  and  cost. 

4.  The  most  pleasing  appearance  can  be  obtained  by  bush  hammering 
or  other  tool  work  and  where  ornamentation  is  desired  this  method  or 
scrubbing  is  recommended. 
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DESIGN    OF    FOUNDATIONS    FOR    FIERS,    ABUTMENTS,    RE- 
TAINING   WALLS    AND    ARCHES    IN    VARIOUS    SOILS 
AND   DEPTHS    OF   WATER    (NOT   INCLUDING 
PNEUMATIC  FOUNDATIONS). 

Your  Committee  has  confined  itself  to  the  collection  of  information 
hearing  on  the  methods  of  design  of  foundations  as  reported  by  various 
railroad  companies  and  members  of  the  Association. 

With  the  view  to  continuing  the  study  another  year  no  recom- 
mendations are  made,  but  the  Committee  submits  the  following  as  informa- 
tion : 

The  bearing  power  of  soil  for  the  support  of  structures  is  a  subject 
that  has  not  been  as  thoroughly  investigated  as  the  determination  of  the 
strength  of  materials  composing  structures  which  are  placed  on  the 
soil;  while  investigations  have  been  made  for  specific  cases,  no  extended 
tests  for  determining  the  pressure  that  the  various  soils  may  safely 
carry  have  been  made  in  the  past. 

The  American  Society  of  Civil  Engineers  have  appointed  a  Special 
Committee,  of  which  Robert  A.  Cummings  is  chairman,  to  investigate 
and  codify  the  present  practice  on  the  bearing  values  of  soils.  This 
Special  Committee  in  a  progress  report,  February,  1915,  to  the  American 
Society  of  Civil  Engineers,  gives  as  an  appendix  a  bibliography  of 
publications  having  to  do  with  the  physical  properties  and  bearing 
values  of  soils;  the  Committee  states  that  this  is  not  complete,  although 
it  covers  over  250  references  and  it  is  evident  that  a  vast  amount 
of  work  is  necessary  to  cover  the  subject  thoroughly. 

The  work  of  your  Committee  embraces  this  difficult  and  lengthy 
problem,  and,  in  order  to  accomplish  something  of  value  to  the  engi- 
neering profession,  it  is  incumbent  upon  every  member  of  the  American 
Railway  Engineering  Association,  in  making  investigations  and  tests 
of  the  carrying  capacity  of  soils  for  specific  structures,  to  keep  an 
accurate  account  of  such  investigations,  its  results  and  determinations, 
and   furnish   such   information   to  your   Masonry  Committee. 

For  the  purpose  of  properly  recording  soil  data,  the  Committee 
will  subinu  later  a  form  which  will  not  only  serve  as  a  guide  to  the 
Engineer  in  making  tests,  but  will  also  greatly  aid  the  Committee  in 
collating  the  information  obtained. 

In  the  preparation  of  this  and  other  data  your  Committee  will, 
in  so  far  as  practicable,  co-operate  with  other  organizations  having  the 
subject  under  consideration. 

The  thirty-one  (31)  answers  received  from  a  circular  letter  sent 
to  the  members  of  the  Association  are  hereinafter  given  in  table 
form : 
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TABLE  I.      METHODS    OF   PRELIMINARY   INVESTIGATIONS. 

Atlantic    Coast    Line Usually  drive  a  pile,  as  most  of  our 

foundations  are  pile  supported. 

Baltimore  &  Ohio Borings  or  test  pits. 

Canadian  Government Wash    borings,    diamond    drills,    test 

pits,  test  loads  and  test  piles. 

Canadian  Pacific  Wash    borings,    diamond    drills,    test 

pits,  test  loads  and  test  piles. 

Central  of  New  Jersey Wash  borings,  soft  material.  Im- 
portant structures,  core  borings. 
Drill  at  least  10  feet  in  solid  rock. 
Test  pits,  test  loads  and  test  piles. 

Chicago  &  Northwestern Hand    borings,   2-inch-3-inch    augers. 

Also  diamond  drills.  Sounding 
rod.  test  pits,  test  loads  and  test 
piles. 

Chicago,     St.     Paul,    Minneapolis    & 

Omaha  Wash    borings    in    more    important 

work,  sounding  rod,  test  piles. 

Duluth  &  Iron  Range Augers,    borings,    test    pits    and    test 

piles. 

Elgin,  Joliet  &  Eastern Hand  borings  or  well  drilling  ma- 
chine, test  pits. 

Grand  Trunk  Railway  System Auger    to   rock.     Core   drill   borings. 

Drill  5  feet  to  10  feet  into  rock. 
Sounding  rod,  test  pits,  test  loads 
and   test  piles. 

Hocking  Valley  Borings,  test  loads. 

Illinois  Central    Borings,  test  pits,  test  loads  and  test 

piles. 

Long  Island   Wash  _    borings.     Soil     is     universal 

glacial  deposit. 

Louisville  &  Nashville Borings  in  rock,  test  pits,  soundings 

and  test  piles. 

Michigan  Central Wash     borings.     Well     boring     ma- 
chines.    Test    pits,    test    loads    and 
test  piles. 

Missouri,  Kansas  &  Texas Borings. 

Nashville,  Chattanooga  &  St.  Louis.. Test  piles  and  test  pits  to  determine 

kind  of  soil. 

New  York  Central Core  drills  or  wash  borings.  Some- 
times test  pits,  test  loads  and  test 
piles. 

Norfolk  &  Western Records    of   old    structures   and   test 

piles. 

Northern  Pacific Wash  borings,  test  pits. 

New  York,  New  Haven  &  Hartford 

Railroad  Wash    borings,    test   pits,   test   loads 

and  test  piles. 

Pennsylvania    Drop   or    core   borings.     Borings    50 

feet  to  100  feet  apart.  Test  loads 
and  test  piles. 

Pennsylvania    Lines    West    of    Pitts- 
burg   Augers,  test  pits,  test  loads  and  test 

piles. 

Public  Service   Borings,  test  pits,  test  loads  and  test 

piles. 

Queen  &  Crescent.: Churn  drills.  Diamond  drills,  im- 
portant work.     Test  pits. 
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Seaboard  Air  Line In  difficult  work,  well  drills.  Sound- 
ing rod. 

Southern  Pacific  Bore  test  wells  not  less  than  6  inches 

diameter,  also  test  piles. 

Toronto  Harbor  Commission Borings   to   deep   rock.     Test  pit  for 

shallow  rock. 

Toronto  Terminals    Borings,  test  pits  and  test  piles. 

Westinghouse,  Church,  Kerr  &  Co.. Augers    and    wash    borings    in    soft 

material.  Diamond,  calyx  or  simi- 
lar drills.  Test  pits,  test  loads  and 
test  piles. 

Lehigh  Valley   Borings,    test    pits,    test    loads,    test 

piles  or  other  means. 

21  railroads  have  used  test  pits. 

14  railroads  have  used  test  loads  in  connection  with  test  pits. 
1  railroad   used   cofferdams   in   constructing  test   pits   for   important 
work. 

23  railroads  have  used  test  piles  to  determine  depth  to  drive,  length 
of  pile  required  and  bearing  power. 

6  railroads  have  used  sounding  rods  for  preliminary  determination 
of  soil  conditions. 

BEARING  VALUE  OF   SOILS   FOR  FOUNDATIONS. 

The  carrying  capacity  of  soils  in  foundations  is  dependent  on  many 
factors,  such  as  the  character  and  uniformity  of  the  material,  the  thick- 
ness and  general  strata  of  the  layers  and  the  behavior  of  the  soil  against 
the  action  of  the  elements. 

The  general  formation,  density,  uniformity  and  thickness  of  strata 
of  soil  /ary  so  much  that  the  testing  of  the  foundation  soil  and  the 
depth  of  underlying  strata  are  absolutely  necessary  for  the  determina- 
tion of  the  safe  load  that  may  be  placed  upon  the  soil  encountered. 

For  all  structures,  not  only  the  immediate  location  for  a  structure 
should  be  investigated,  but  the  surrounding  structures,  natural  condi- 
tions of  the  vicinity  and  any  influence  the  future  development  of  sur- 
rounding property  may  have  on  the  design  of  the  foundations  should 
be  carefully  studied. 

The  following  soils  are  generally  considered  suitable  for  foundations : 

Solid  Rock,  10  to  12  feet  in  thickness,  with  nearly  horizontal  layers 
or  veins,  is  generally  considered  sufficient  support  for  most  structures. 
If  the  rock,  however,  contains  cavities  and  is  not  sufficiently  homogeneous, 
the  foundation  is  of  questionable  value. 

Not  infrequently  the  rock  strata  overlies  beds  of  clay,  which  may. 
through  exposure  to  the  elements,  either  by  artificial  or  natural  causes, 
become  softened  with  water.  In  such  cases  settlement  is  likely  to  occur 
or  if  the  beds  are  in  an  inclined  position  a  sliding  or  side  movement 
of  the  courses  might  be  experienced. 

It  is  also  possible  that  through  water  supply  construction  the  softer 
strata  may  be  gradually  washed  or  sucked  out,  causing  settlement. 

In  mining  districts  the  support  of  the  rock  may  be  lost  by  mining 
operations.  Where  mining  chambers  occur  the  rock  strata  must  be 
artificially   supported  by   carefully   filling   these   chambers. 
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The  influence  of  the  elements  upon  rock  structure  must  also  be 
considered,  as  certain  rock  formations  are  subject  to  disintegration 
when  exposed. 

Gravel  Deposits  8  to  10  feet  in  thickness  make  a  good  foundation 
bottom. 

Gravel  foundation  should  not  be  subject  to  strong  action  of  water, 
since  such  action  might  loosen  the  formation  of  the  gravel. 

Sand  properly  confined  against  lateral  movement  is  considered  an 
excellent  support  for  foundations.  The  bearing  value  of  sands  increases 
in  proportion  to  the  thickness  of  the  bed  and  the  depth  to  which  the 
foundation  is  carried. 

Sand  particles  distribute  pressures  and  layers  of  sand  are  often  em- 
ployed to  distribute  the  weight  over  a  larger  area  of  a  less  stable 
foundation   soil. 

Clay,  usually  a  tough,  more  or  less  compressed  mass,  if  found  in 
deposits  of  not  less  than  10  feet  in  thickness  and  when  practically  im- 
pervious to  water,  is  considered  good  foundation  soil  for  ordinary 
structures. 

Clay  even  if  found  in  hard  condition  is  subject  to  slight  compression, 
which,   while  uniform,   may  not  be   of   much  consequence. 

Through  absorption  of  water  clay  is  softened  and  made  less  strong 
and  compact  and  loses  the  elements  of  good  foundation  soil. 

The  carrying  capacity  of  clay  bottom  may  be  increased  by  ramming 
into  it  stone  or  gravel,  thus  compacting  the  soil  of  a  softer  nature, 
understanding,  however,  that  the  underlying  strata  of  soil  form  a  suffi- 
cient support   for  the  loading  proposed. 

Mixtures  of  Sand  and  Loam,  considering  the  ratio  in  which  they 
are  found,  may  have  fairly  good  bearing  values.  These  values  vary  in 
proportion  to  the  quality  of  the  clay  and  sand  encountered  and 
are  dependent  on  special  conditions.  Such  soils  must  be  thoroughly 
tested. 

Top  Soil,  Peat  or  Marsh  are  considered  poor  foundation  soils.  Soils 
of  a  greasy  nature,  especially  when  combined  with  sand  and  an  abund- 
ance of  water  are  considered  very  poor  foundation  soils. 

Artificial  Soils,  such  as  made  embankments  and  fills,  except  specially 
prepared  foundations  of  sand,  gravel  or  broken  stone,  are  not  considered 
as   safe    foundations. 

ALLOWABLE  PRESSURE  ON   FOUNDATION   SOILS   AND  ON   PILES. 

The  weight  for  which  a  foundation  soil  can  permanently  and  safely 
be  used  depends  upon  the  strength  of  the  material  encountered.  The 
same  pressure  which  is  imposed  upon  the  foundation  soil  is  naturally 
also  sustained  by  the  underside  of  the  material  used  in  the  construction 
of  the  foundations,  therefore  the  load  upon  the  foundation  soil  will  never 
exceed  the  strength  of  the  building  material  placed  upon  it. 

Table  2  gives  a  summary  of  answers  to  the  circular  letter  on  the 
allowable  bearing  pressures  on  different  soils  and  on  piles.    . 
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TABLE  2.    ALLOWABLE  BEARING  PRESSURES  ON  DIFFERENT  SOILS 

AND  ON  PILES. 

Tons  per  Square  Foot. 


a_uj       Sand 

§££        and        Sand 

Rock     Gravel 

Clay 

Loam  1  Top  Soil,  ,       p:i»« 
and       Peat  and  |    /oCi  .'    ix 
Clay    !    Marsh       (Tot-l°a'J> 

Chicago,  Milwaukee   &    St. 
Paul 

5-30        8-10          2-6 
3 

4-8 
2.5 
2.5 

1-2 

0.5-2 

0.5-1 

15 
17.5-22  5 

4-up      2.5 

12-15 

10 

5-up           10            4-6 
3           1.5-2 

10              6        

4-6 
2.25 

2-4 

2-5  Ton 

1-2.5 

2-6 

1.5-2 

on 

4 

1-2 
1.5 

s  on  soil 
1-2.5 
1-2 
Tons 

1-1.5 

Nashville,    Chattanooga    & 

1 

Pennsylvania 

3  5      

5-200        8-10          2-6 

0.5-1 

5-200          8            2-4 

soil 
1 

5 

UPLIFT   OR   BUOYANCY. 

The  answers  to  the  circular  letter  of  the  Committee  indicate  that 
the  majority  are  in  favor  of  considering  uplift  in  designing  foundations 
in  water. 

The    following   report   their   practice : 

Reported  by  Remarks. 

New  York  Central Consider  uplift. 

Southern  Pacific  Consider  uplift  only  when  the  sub- 
structure is  on  pile  or  other  sup- 
ports and  not  directly  upon  the 
soil. 

Elgin,  Joliet  &  Eastern Consider  uplift. 

Nashville,  Chattanooga  &  St.  Louis. .  Consider  uplift. 

Louisville  &  Nashville Design  foundations  so  that  they  will 

be   stable   without   the   uplift,   con- 
sidering uplift  as  a  factor  of  safety. 

Queen  &   Crescent Consider  uplift. 

Northern  Pacific  Consider  uplift. 

Michigan  Central   Consider  uplift. 

Central  of  New  Jersey Consider  uplift  when  on  pile  founda- 
tions and  in  calculating  overturn- 
ing moments. 

New  York,  New  Haven  &  Hartford.  .Consider  uplift  except  where  struc- 
ture is  founded  on  rock. 

Illinois  Central Consider  uplift  in  deep  water. 

Public   Service  Railway If  uplift  increases  safety  factor  it  is 

neglected.     If   safety    factor  is   re- 
duced it  should  be  considered. 

Chicago,     St.     Paul.    Minneapolis    & 

Omaha  Consider  uplift  only  in  computing  the 

overturning  moment. 

Toronto  Harbor  Commission Consider  uplift  but  not  always  uni- 
form or  in  full  amount. 

Baltimore  &   Ohio Consider    uplift    except    on    ordinary 

foundations. 

Pennsylvania    Lines    West    of    Pitts- 
burg   Consider  uplift. 
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Reported  by  Remarks. 

Grand  Trunk  Consider  uplift  except  on  founda- 
tions on  solid  rock. 

Westinghouse,  Church,  Kerr  &  Co. .  .Consider  uplift. 

Canadian  Pacific  Consider  uplift. 

Norfolk  &  Western Consider  uplift. 

Duluth  &  Iron  Range Consider  uplift. 

Atlantic  Coast  Line Do  not  consider  uplift. 

Canadian  Government  Railways Do  not  consider  uplift. 

Missouri,  Kansas  &  Texas Do  not  consider  uplift. 

Pennsylvania  Railroad   Do  not  consider  uplift. 

Toronto   Terminals    Do  not  consider  uplift. 

Chicago  &  Northwestern Do  not  consider  uplift. 

Long  Island    Do  not  consider  uplift  ordinarily,  as 

most  of  our  structures  are  not 
large  enough  to  make  any  sub- 
stantial difference. 

Seaboard  Air  Line Do  not  consider  uplift. 

Lehigh  Valley    Do    not    consider    uplift    except    for 

overturning  moments. 

FORMULAS    ,OR    DETERMINING    PRESSURES    ON    FOUNDATIONS. 

Much  information  has  been  collected  on  formulas  for  determining 
the  pressures  on  foundations,  but  there  has  not  been  sufficient  time 
to  make  a  careful  study  of  the  subject.  From  the  data  compiled  it  is 
evident  that  Rankine's  formula  as  outlined  in  Volume  10,  Part  2,  1909, 
page  1317,  American  Railway  Engineering  Association,  are  most  fre- 
quently used. 

PILE  CUT-OFF.      PROPER  DEPTH  OF  FOUNDATION  TO  AVOID  FROST  ACTION. 

The  representative  practice  of  the  various  railroads  in  fixing  eleva- 
tion of  pile  cut-off  and  of  proper  depth  of  foundation  to  avoid  frost 
action,  is  summarized  in  Tables  3  and  4,  respectively. 

TABLE  3.      PILE   CUT-OFF. 

Height  in   Reference    to   Mean   Loiv 
Reported,)  by  Water. 

Atlantic  Coast  Line. M.  H.  \V. 

Baltimore  &  Ohio, M.  L.  W. 

Central  of  "New  Jersey 1  ft.  above  M.  L.  W. 

Canadian   Government    Below   M.    L.   W.     Some   cases    just 

below  M.  H.  W. 

Chicago  &  Northwestern 1   ft.  above  M.  L.  W. 

Grand  Trunk  M.  L.  W. 

Hocking  Valley  . . . , M.  L.  W. 

Long  Island   1  ft.  above  M.  L.  W. 

Louisville  &  Nashville Level    of    bottom    of    river    or    bay. 

Teredo  present. 

Lehigh  Valley   Near  mean  tide. 

New  York   Central M.  L.  W.  to  2  ft.  above  M.  L.  W. 

Norfolk   &   Western Below     mud     line.     Marine     borers 

present. 
New  York,  New  Haven  &  Hartford. M.  L.  W. 

Pennsylvania  1  ft.  below  M.  L.  W. 

Public  Service 1  ft.  below  M.  L.  W. 

Southern  Pacific  Below  mud  line.    Teredo  present. 

Toronto  Harbor  Commission M.  L.  W. 

Westinghouse,  Church,  Kerr  &  Co.  ..M.  L.  W. 
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TABLE  4.      DEPTH  OF  FOUNDATIONS  IN  ORDER  TO  AVOID  FROST  ACTION. 


Depth 

in  Feet. 

'.'.'.        "4  it 

5  ft. 

Canadian    Government    ....5  to  6  ft. 

Canadian    Pacific    5  to  6  ft. 


Reported  by 
Atlantic  Coast  Line. 
Baltimore  &  Ohio. . 


Central  of  New  Jersey. 


4  ft. 


Chicago  &  Northwestern.. 

Chicago,    St.    Paul,    Minne- 
apolis &  Omaha 

Duluth  &  Iron  Range 

Elgin,  Joliet  &  Eastern.... 4 
Grand    Trunk    

Hocking  Valley    

Illinois   Central   4  to 

Long  Island  Railroad 

Louisville    &    Nashville.... 

Michigan    Central    

Missouri,  Kansas  &  Texas. 
Nashville,     Chattanooga     & 

St.    Louis    

New   York    Central 4 

Norfolk   &    Western 

Northern    Pacific    5 

4 
New   \ork,   New  Haven  & 

Hartford    

Pennsylvania    4 

Pennsylvania     Lines     West 

of    Pittsburgh    

Public   Service    ...3  ft.  6  in. 

Queen  &  Crescent 

Seaboard   Air  Line 

Southern  Pacific  

Toronto    Harbor    Commis- 
sion     4 

Toronto  Terminals    4 

YVestinghouse,  Church,  Kerr 

&  Co 3 

4 
7 
2 
Lehigh   Valley   


4  ft. 

5  ft. 

5  ft- 

7  ft. 

to  S  ft. 

4  ft. 

5  ft. 
3  ft 

to  6  ft. 

4ft. 

2  ft. 
4  ft. 

3  ft- 

2  ft. 

to  s  ft. 

3  ft. 
to  6  ft. 
to  5  ft. 

4  ft. 
to  6  ft. 

4ft. 

to  4  ft. 

2  ft. 

to  5  ft. 
to  6  ft. 

to  5  ft. 
to  5  ft- 
to  9  ft. 
to  3  ft. 

4  ft. 

5  ft- 

Locations. 

Not   encountered. 

General. 

Northern  parts. 

Canada. 

E.  Can.  and  Pacific  Coast,  Central 
Canada. 

New  Jersey  and  Eastern  Pennsyl- 
vania. 

Chicago. 

North   Michigan  and  Wisconsin. 


Northern  Minnesota. 
Northern  Illinois  and  Indiana. 
Michigan  and  Southern  Ontario. 
Northern  Ontario   and  Quebec. 
Ohio. 

North  of  Ohio  River. 
Neglected  south  of  Ohio  River. 
Long  Island,  New  York. 


Michigan  and  Ontario. 


New  York. 

Virginia,  West  Virginia  and  Ohio. 

Minnesota. 

Washington. 

New     York     and     New     England 

States. 
Pennsylvania. 
Territory  as  far  north  as  Chicago 

and  Toledo. 
In  vicinity  of  New  York. 


Not  encountered. 

In  vicinity  of  Toronto. 


Pennsylvania  and  New  York- 
New  York. 
Winnipeg,  Canada. 
Vancouver,  B.  C. 
Pennsylvania. 
Northern    New   York    State. 


REPORT  OF  COMMITTEE  III— ON  TIES. 

L.  A.  Downs,  Chairman;  F.  R.  Layng,  Vice-Chairman; 

C.  C.  Albright,  J.  B.  Myers, 

M.  S.  Blaiklock,  A.  J.  Neafie, 

W.  J.  Burton,  J.  V.  Neubert, 

W.  A.  Clark,  R.  J.  Parker, 

S.  B.  Clement,  J.  G.  Shillinger, 

E.  D.  Jackson,  I.  O.  Walker, 

E.  P.  Laird,  H.  S.  Wilgus, 

E.  R.  Lewis,  Louis  Yager, 

Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

The  following  subjects  were  assigned  your  Committee  by  the  Board 
of  Direction : 

(a)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

(/)  Report  on  the  effect  of  tie  plates  and  track  spikes  on  life  of 
cross-ties. 

(2)  Specifications  for  cross-  and  switch-ties. 

(3)  Metal,  composite  and  concrete  ties. 

The  work  was  divided  into  Sub-Committees  as  follows : 

(1)  F.  R.  Layng,  Chairman;  R.  J.  Parker,  Vice-Chairman ;  A.  J. 
Neafie,  J.  V.  Neubert,  W.  J.  Burton,  C.  C.  Albright. 

(2)  E.  R.  Lewis,  Chairman;  W.  A.  Clark.  M.  S.  Blaiklock.  E.  D. 
Jackson,  I.  O.  Walker,  Louis  Yager. 

(3)  H.  S.  Wilgus,  Chairman;  S.  B.  Clement,  J.  B.  Myers,  J.  G. 
Shillinger. 

THE  EFFECT  OF  TIE  PLATES  AND  TRACK  SPIKES  ON  THE 
LIFE  OF  CROSS-TIES. 

Your  Committee  reports  progress  on  this  subject  and  submits  the 
following  report  as  information  : 

The  data  collected  shows,  that  the  practice  of  the  railroads  is  any- 
thing but  uniform;  the  fact  is  that  the  methods  of  properly  protecting 
the  tie  are  going  through  rapid  changes,  which  make  it  difficult  for  the 
railroads  to  say  definitely  as  to  the  effect  on  the  tie  of  any  particular 
part  of  the  design.  A  study  of  the  situation  leads  to  the  conclusion, 
however,  that  this  subject  is  one  of  the  important  problems  that  con- 
fronts the  maintenance  engineer  to-day.  It  is  felt  that  no  definite  prac- 
tice can  be  presented  to  the  Association  as  having  been  developed  to 
such  an  extent  that  it  should  be  adopted,  and  the  present  purpose  of  the 
Committee  is  to  illustrate  tendencies  of  good  practice  and  to  call  particu- 
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lar  attention  to  the  necessity  of  reducing  or  eliminating,  if  possible,  move- 
ment between  the  tie  plate  and  the  tie. 

The  primary  purpose  or  function  of  the  tie  plate  is  to  protect  the 
tie  from  mechanical  wear  and  all  other  functions  should  be  subordinated 
to  this.  Assuming  that  the  tie  plate  will  be  of  sufficient  area  to  properly 
distribute  the  loads  imposed,  and  that  it  is  of  sufficient  thickness  so  that 
it  will  not  buckle,  it  is  necessary  that  the  movement  between  the  plate 
and  the  tie  be  reduced  to  a  minimum  or  eliminated,  if  possible.  If  this 
is  not  done  this  movement  will  defeat  the  purpose  of  the  plate.  Of  the 
different  methods  in  use  to  accomplish  this  the  following  are  illustrated: 


Fig.  i.     Standard  Tie  Plate,  P.  R.  R. 


First,  by  using  cut  spikes  independent  of  those  that  secure  the  rail, 
as  shown  i"  Fig.  i. 

•otsswrn,  ay  using  screw  spikes  or  lag  screws  independent  of  the  fast- 
enings securing  the  rail.  Fig.  2  makes  use  of  cut  spikes  to  secure  the  rail 
and  lag  or  screw  spikes  to  secure  the  plate. 

In  Fig.  3,  screw  spikes  secure  the  rail  while  lag  screws  secure  the 
plate,  and  in   Fig.  4,  the  plate  is  secured  to  the  tie  by  screw  spikes,  and 
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the  rail  is  secured  by  a  hook  on  the  plate  on  one  side  and  by  a  screw  or 
cut  spike  on  the  other. 

Third,  by  using  a  flat  plate  bolted  through  the  tie,  as  is  shown  by 
the  experiment  illustrated  in  Fig.  5-  Another  method  to  reduce  the  move- 
ment between  the  tie  and  the  plate  is  to  provide  for  more  or  less  move- 
ment between  the  fastenings  and  the  rail,  as  shown  in  Fig.  3;  the  free 
distance  being  about  ^g-inch. 

The  general  tendency  at  the  present  time  seems  to  be  towards  a  flat- 
bottom  plate,  or  at  least  plates  that  have  no  deep  ribs  or  projections  on 
the  bottom.    The  report  will  not  present  any  data  bearing  on  this  feature, 


Fig.  2.     Standard  Tie  Plate.  P.  &  L.  E.  R.  R. 

as  it  is  felt  that  the  practice  at  the  present  time  has  not  yet  progressed 
far  enough  to  reach  definite  conclusions. 

Attached  to  this  report  is  a  tabulation  showing  the  practice  as  to  tie 
plates  and  fastenings  on  a  number  of  railroads. 

Your  Committee  wishes  to  again  emphasize  the  importance  of  the 
question  assigned  them,  and  to  suggest  that  the  study  be  continued  in 
next  vear's  work. 
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Fig.  3.     Screw  Spike  Tie  Plate  with  Rail,  D.  L.  &  W.  R.  R. 
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PLAN  SECTION 

101  LB.8el05i_B.TIE  PLATE 


SECTION    A-B 


Fig.  4.    Hook  Shoulder  Tie  Plate  for  5>s  Rail  Base,  D.  L.  &  W.  R.  R. 


PLAN  SECTION 

'01  lb.8cI05lb.TIE  PLATE 


to 


&) 


SECTION    A-B 


-.04- 


-i-ofc- 


3T 


H- 


bolt   brace 
Fig.  5.    Hook  Shoulder  Tie  Plate  for's^S  Rail  Base,  D.  L.  &  W.  R.  R. 
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SPECIFICATIONS  FOR  CROSS-  AND  SWITCH-TIES. 

At  the  first  meeting  the  year's  procedure  was  outlined  and  a  request 
made  that  the  Association  Secretary  send  a  circular  letter  to  railway 
companies  asking  for  copies  of  their  cross-  and  switch-tie  specifications. 
Specifications  were  received  from  some  seventy-five  railway  com- 
panies, most  of  which  sent  copies  of  both  cross-  and  switch-tie  specifica- 
tions. These  were  tabulated  alphabetically  as  to  the  more  important 
stipulations  as  reference  to  current  practice;  and  used  as  a  basis  for 
revision  of  the  Association's  cross-tie  specifications,  as  well  as  a  basis 
from  which  to  formulate  switch-tie  specifications. 

Percentages  (according  to  Poor's  Manual)  of  mileage  of  all  tracks 
represented  by  the  railway  companies  submitting  cross-tie  specifications 
were  computed  as  to  dimensions  of  ties  used. 

Information  was  also  collected  on  the  subject  of  various  woods  used 
for  ties,  notably  Douglas  Fir  and  Tamarack,  with  a  view  to  criticism 
of  lists  of  woods  to  be  used  treated  and  untreated  in  the  manufacture 
of  ties. 

List  of  "Woods  to  be  used  untreated"  and  "Woods  to  be 
treated"  (see  page  52,  Manual,  1911)  being  under  discussion,  it  was  de- 
cided to  delete  the  terms  "Walnut"  and  "Black  Cherry"  from  list  No.  I, 
because  few  railway  ties  of  these  woods  are  now  available. 

"Birch"  was  added  to  list  No.  2,  because  ties  of  this  wood  are  avail- 
able in  considerable  numbers  for  treatment. 

"Pines  other  than  longleaf,  strict  heart  yellow  pine"  is  inserted  in- 
stead of  "Loblolly,  etc.,"  because  of  the  multiplicity  of  local  names  of  the 
various  varieties. 

"Douglas  Fir"  is  substantiated  for  "Red  Fir"  as  a  more  proper  term. 

"There  is  a  great  deal  of  misunderstanding  about  Douglas  Fir,  due 
principally  to  the  various  names  it  goes  under  in  the  different  localities 
where  it  is  found.  The  most  common  of  these  names  and  the  states  in 
which  they  are  used  are : 

Douglas  Fir — Utah.  Oregon,  Colorado,  Montana. 

Red  Fir — Oregon,  Washington,  Idaho,  Utah,  Montana,  Colorado. 

Douglas  Spruce — California,  Colorado,   Montana. 

Yellow  Fir — Oregon,  Montana,  Idaho,  Washington. 

Spruce— Montana. 

Oregon  Pine — California,  Washington,  Oregon.  ' 

Fir — Montana. 

Red  Pine — Utah,  Colorado,  Idaho. 

Puget  Sound  Pine — Washington. 

"The  name  Douglas  Fir  has  been  adopted  by  the  Forest  Service  and 
by  various  trade  and  technical  associations  and  is  coining  into  general 
commercial  use. 

"The  Douglas  Fir  is  in  reality  not  of  the  Fir  family,  but  is  what  is 
known  as  a  Pseudotsuga,  or  false  Hemlock,  so-called  on  account  of  the 
resemblance  its  leaf  stems,  habits  r.nd  character  its  cones  bear  to  the 
Hemlock. 

"The  wood  varies  widely  in  character  and  grain,  which  may  be  very 
coarse,  medium  or  fine.  Coarse-grained  wood  is  generally  of  a  distinct 
reddish  brown  color  from  which  it  derived  the  name  of  Red  Fir.  The 
fine-grained  wood  is  of  a  yellowish  brown  color,  from  which  it  derived 
the  name  of  Yellow   Fir.     The  botanical   characters  of  trees   furnishing 
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these  two  qualities  of  wood  are  the  same,  and  there  is  no  foundation  for 
the  popular  belief  that  these  woods  come  from  two  different  varieties  or 
species  of  tree?.    The  two  grades  are  sometimes  found  in  the  same  tree."* 

After  investigation  it  is  decided  to  leave  unaltered  the  term  "Tama- 
rack"' in  list  No.  2.  Though  in  common  with  all  conifers  the  heartwood 
of  Tamarack  is  exceedingly  refractory  and  practically  impossible  to  pene- 
trate, unless  subjected  to  severe  steaming,*  yet  treatment  of  the  sapwood 
and  tie  ends  seems  desirable,  as  a  life  of  fifteen  years  is  indicated  as 
thus  obtainable. 

The  wording  and  intent  of  the  proposed  revision  of  cross-tie  specifi- 
cations was  the  subject  of  much  discussion  among  members  of  the  Com- 
mittee. These  discussions  were  carried  on  by  correspondence  and  at  the 
second  and  third  meetings,  as  were  also  the  discussions  relating  to 
switch-tie  specifications. 

The  term  '"flatted"  as  synonymous  with  "pole,"  as  applied  to  the  rail- 
way tie,  is  inserted  because  of  its  wide  use  by  railway  companies  and 
tie  contractors. 

On  account  of  the  difference  in  the  methods  of  piling  untreated  as 
compared  with  treated  ties,  it  is  considered  advisable  to  insert  the  word 
"untreated"  at  the  beginning  of  paragraph  6.  page  53.  Manual,  191 1,  as 
well  as  between  the  words  "fifty"  and  "ties"  in  the  title  to  Fig.  1,  dia- 
gram on  the  same  page.  It  is  intended  that  the  diagram  shall  be  "retained 
otherwise  unaltered. 

The  Committee  submits  the  following  revised  specifications  for  cross- 
ties  as  shown  on  the  right-hand  pages  of  the  following  sheets ;  the  left- 
hand  pages  giving  the  wording  of  specifications  according  to  the  Manual 
of  191 1,  while  the  underscored  words  on  the  right-hand  pages  denote 
changes : 


•Extracts   from   letter  of  Mr.   Lowry  Smith.  Superintendent  Timber  Pres- 
ervation,   Northern    Pacific    Railway,    Brainerd,    Minn. 
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Present    Form. 

SPECIFICATIONS  FOR  CROSS-TIES. 
Woods  to  Be  Used   Untreated. 

1.  The  following  woods  may  be  used  for  tie  timber  without  pre- 
servative treatment: 

White  Oak  family. 

Longleaf  strict  heart  yellow  pine. 

Cypress,  excepting  the  white  cypress. 

Redwood. 

White  Cedar. 

Chestnut. 

Catalpa. 

Locust,  except  honey  locust. 

Walnut. 

Black  Cherry. 

Woods  to  Be  Treated. 

2.  The  following  woods  shall  preferably  not  be  used  for  tie  timber 
without  a  preservative  treatment  approved  by  the  purchaser : 

Red  Oak  family. 

Beech. 

Elm. 

Maple. 

Gum. 

Loblolly,   shortleaf,   lodgcpole,  Western  yellow   pine,   Norway,   North 

Carolina  pine  and  other  sap  pines. 
Red  Fir. 
Spruce. 
Hemlock. 
Tamarack. 

Material   and   Manufacture. 

3.  Cross-ties  shall  be  well  and  smoothly  hewed  or  sawed  out  of 
straight,  growing  timber  of  specified  dimensions  and  out  of  wind,  sawed 
ends,  with  straight  and  parallel  faces,  the  minimum  width  of  either  face 
to  be  not  less  than  that  given  in  the  table  of  dimensions.  Ties  shall  have 
bark  entirely  removed  before  being  delivered  on  the  company's  ground. 
They  shall  be  free  from  splits,  shakes,  loose  or  decayed  knots,  or  any 
other  imperfections  which  may  impair  their  strength  or  durability. 

Dimensions. 

4.  Except  in  pole  ties  with  rounded  sides,  or  in  half-round  ties, 
none  shall  be  less  than  eight  (8)  in.  width  of  face,  and  in  no  tie  shall 
the  thickness  be  less  than  six  (6)  in.  A  variation  in  size  will  be  per- 
mitted of  one-half  (l/2)  in.  over  in  thickness,  two  (2)  in.  over  in  width 
and  one  (1)  in.  over  in  length. 

Allowable  Variation  in  Pole  Ties. 

5.  In  pole  ties  with  rounded  sides  and  half-round  ties,  the  width 
of  face  may  be  less  than  that  given  in  the  table  of  dimensions,  but  the 
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Proposed    Form. 
SPECIFICATIONS  FOR  CROSS-TIES. 

Woods  to  Be  Used  Untreated. 

i.    The   following  woods  may  be  used   for  tie  timber  without  pre- 
servative treatment : 
White  Oak  family. 
Longleaf  strict  heart  yellow  pine. 
Red  Cypress. 
Redwood. 
White  Cedar. 
Chestnut. 
Catalpa. 
Locust,  except  honey  locust. 

Woods  to  Be  Treated. 

2.  The  following  woods  shall  preferably  not  be  used  for  tie  timber 
without  a  preservative  treatment  approved  by  the  purchaser: 

Red  Oak  family. 

Beech. 

Birch. 

Elm. 

Maple. 

Gum. 

All  pines,  except  longleaf  strict  heart  yellow  pine. 

Douglas  Fir. 

Spruce. 

Hemlock. 

Tamarack. 

Yellow  and  White  Cypress. 

Material  and   Manufacture. 

3.  Cross-ties  shall  be  manufactured  out  of  straight,  sound,  live  trees, 
cut  in  the  winter  months  when  the  sap  is  down.  They  shall  be  hewed  or 
sawed  to  the  specified  dimensions  and  out  of  wind,  with  straight  and 
parallel  faces  and  ends  sawed  square.  The  minimum  width  of  either  face 
shall  be  not  less  than  that  given  in  the  table  of  dimensions.  They  must 
be  free  from  such  score  marks,  shakes,  loose  or  decayed  knots,  rot,  splits 
or  checks,  or  any  other  imperfections  as  may  impair  their  strength  or 
durability. 

Bark  shall  be  entirely  removed  before  delivery. 

Minimum   Dimensions. 

4.  Cross-ties  shall  be  not  less  than  eight  (8)  ft.  long. 

Squared  ties  shall  be  not  less  than  six  (6)  in.  thick  and  eight  (8)  in. 
in  width  of  face. 

Pole  (or  Hatted)  ties  shall  be  not  less  than  six  (6)  in.  thick  and  six 
(6)  in.  in  width  of  face. 
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Present  Form. 

least  area  of  cross-section  shall  be  not  less  than  the  area  corresponding 
to  the  tabular  dimensions,  and  in  no  case  shall  the  width  of  face  be  less 
than  six    (6)    in. 

TABLE  OF  DIMENSIONS. 


Thickness  by   width  ol   face 

Length 

Class 

Inches 

Feet 

Feet 

Feet 

A 
B 
C 
D 
E 

7  x  10 
7x9 
7x8 
6x9 
C  x  8 

8 
8 

8 
8 
S 

8i 
8i 
8i 
8* 
8i 

9 

9 
9 
9 
9 

Piling   Untreated  Ties. 

6.  Ties  which  are  delivered  along  the  right-of-way  of  the  railway 
shall  be  piled  at  station  yards  or  at  points  between  stations  designated  in 
the  contract  not  less  than  ten  (io)  ft.  from  the  nearest  rail;  each  pile 
to  be  of  either  25  or  50  ties,  built  with  two  ties  on  the  ground  and  above 
in  alternate  courses  of  7  and  2,  except  the  top,  which  shall  be  placed  to 
form    a    watershed,    as    shown    in    diagram.      Each   pile   shall    be   plainly 


teW3EW^E^5 


Piling  Diagram  for  Fifty  Ties. 


marked  with  the  owner's  name  and  date  when  piled.  Three  (3)  ft.  of 
space  shall  be  left  between  piles  to  permit  inspection.  Sawed  ties  shall 
be  piled  separately  from  hewed  ties. 

Removal  of  Rejected  Ties. 

7.  All  rejected  ties  shall  be  removed  from  the  company's  right-of- 
way  within  ten   (10)  days  after  notice  is  given. 

Piling  Treated  Ties. 

8.  Ties  treated  with  a  water  solution,  like  zinc-chloride,  particularly- 
red  oak  and  beech  ties,  shall  be  piled  in  close  piles  on  well-drained 
ground,  to  prevent  checking. 
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Proposed   Form. 
Allowable   Variations    in    Dimensions. 

5.  Variations  from  the  specified  dimensions  for  cross-ties  will  be 
permitted  of  one-half  (]/2)  in.  over  in  thickness;  tzvo  (2)  in.  over  in 
width,  and  tzvo  (2)  in,  over  in  length. 

Pole  (or  flatted)  cross-ties  must  not  exceed  twelve  (12)  in.  in  width 
of  face.  The  average  ividth  of  both  faces  must  not  exceed  ten  (10)  in. 
TABLE  OF  DIMENSIONS. 


Thickness  by  width  of  face 

Length 

Class 

Inches 

Feet 

Feet 

Feet 

Squared 

Pole  (Flatted) 

A 

7  x  10                      7x8 

8 

8J 

9 

B 

7x9                        7x7 

8 

8* 

9 

C 

7x8                        7x6 

8 

8i 

9 

D 

6x9                        6x7 

8 

8i 

9 

E 

6x8                        6x6 

1 

8 

8J 

9 

Piling  Untreated  Ties. 

6.  Ties  shall  be  piled  on  the  right-of-way  in  strict  accordance  with 
the  regulations  of  the  railway  company.  Untreated  ties  which  are  de- 
livered along  the  right-of-way  of  the  railway  company  shall  preferably 
be  piled  at  station  yards  or  at  points  between  stations  designated  in  the 
contract,  not  less  than  ten  (10)  ft.  from  the  nearest  track  rail;  each  pile 
to  be  of  either  25  or  50  ties,  built  with  two  ties  on  the  ground  and  above 
in  alternate  courses  of  7  and  2,  except  the  top,  which  shall  be  placed  to 
form  a  watershed,  as  shown  in  the  diagram.  Each  pile  shall  be  plainly 
marked  with  the  owner's  name  and  date  when  piled.  At  least  three  (3) 
ft.  of  space  shall  be  left  between  piles  to  permit  inspection. 

Removal  of   Rejected  Ties. 

7.  All  ties  piled  on-  the  company's  property  shall  be  at  the  owner's 
risk  until  inspected  and  accepted.  Rejected  ties  must  be  removed  within 
days  after  notice  is  given. 

Piling  Treated  Ties. 

8.  Treated  ties  shall  be  cross  piled  closely  on  well-drained  ground 
to  prevent  checking. 

The  Committee  presents  this  revision  of  cross-tie  specifications  with 
the  recommendation  that  they  be  published  in  the  Manual  in  place  of  the 
present  specifications. 

The  Committee  presents  the  following  specifications  for  switch-ties 
with  the  recommendation  that  they  be  adopted  and  published  in  the 
Manual : 

SPECIFICATIONS  FOR   SWITCH-TIES. 
General. 

1.  Switch-ties  shall  preferably  be  manufactured  from  hard,  firm 
woods,  and  shall  conform  to  the  specifications  for  cross-ties,  except  as  to 
special  dimensions. 
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Minimum    Dimensions. 

2.  The  lengths  of  switch-ties  shall  be  as  ordered. 

Squared  switch-ties  shall  be  not  less  than  seven  (7)  in.  in  thickness 
and  nine  (9)  in.  in  width  of  face. 

Pole  (or  flatted)  switch-ties  shall  be  not  less  than  seven  (7)  in.  in 
thickness  and  seven  (7)   in.  in  width  of  face. 

Allowable  Variations   in   Dimensions. 

The  same  variations  shall  be  allowed  for  switch-ties  as  are  allowed 
for  cross-ties. 

Piling. 

3.  Each  set  of  switch-ties  shall  be  piled  separately  and  must  be 
complete  as  ordered.  The  length  or  number  of  each  tie  must  be  plainly 
marked  on  each  end. 


MILEAGE      OF     LINES 

■ 

SPECIFYING 

VARIOUS 

MINIMUM 

DIMENSIONS 

FOR  NO.  1  CROSS-TIES. 

Lengths. 

Widths. 

Thicknesses. 

M'iles. 

Miles. 

Miles. 

8'  0"     i43,75o    63.0% 

7" 

103,307    45.3% 

7" 

168,418    70.4% 

8'  6"      82,424    36.7% 

8" 

82,608    36.3% 

6" 

58,416    29.6% 

9'  0"          652      0.3% 

9" 

25,356     11.6% 

7'  0"              8 

10" 
5" 

14,711      6.4% 
852      0.4% 

Totals, 

226,834     100% 

226,834      100% 

226,834      100% 

NUMBER  OF  RAILROADS  AND  AGGREGATE  MILES  OF  TRACK 

SPECIFYING  SIMILAR  MINIMUM  DIMENSIONS 

FOR  NO.  1  CROSS-TIES. 


Dimensions. 

Number  of 

Aggregate 

Percentage  of 

T 

W 

L 

Railroads. 

Mileage. 

Total  Mileage. 

7" 

7" 

8' 

10 

53838 

23.6 

6" 

8" 

8' 

22 

52362 

23.0 

7" 

rr 

/ 

sy2' 

13 

44275 

IS  4 

7" 

9" 

&A' 

8 

24704 

H-3 

7" 

8" 

8' 

4 

16793 

7-4 

7" 

10" 

8' 

1 

14711 

6.4 

7" 

8" 

8y2' 

8 

13445 

5-9 

6" 

7" 

8' 

4 

5194 

2.3 

6" 

5" 

8' 

1 

852 

0.4 

7" 

9" 

9' 

1 

652 

0.3 

6" 

8" 

7' 

1 

8 

Total 

73 

226834 

100% 
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THE    USE    OF    METAL,    COMPOSITE    AND    CONCRETE    TIES. 

The   work   of   the   Sub-Committee   includes   the   following: 
(i)     The    obtaining    of    a    progress    report    from    each    railroad    on 
which  substitute  ties  are  in  service. 

(2)  A  careful  search  of  the  Bulletins  of  the  International  Railway 
Congress,  and  other  sources  of  information,  as  to  the  use  of  substitute 
ties  on  foreign  railways. 

(3)  An  inspection  of  substitute  ties  in  service  on  the  following  rail- 
ways :  Bessemer  &  Lake  Erie,  Pennsylvania,  Pennsylvania  Lines  West, 
Pittsburgh  &  Lake  Erie  and  Union.  The  Sub-Committee  desires  to  make 
no  detailed  report. 

I.      SUMMARY    OF    PROGRESS    REPORT    ON    SUBSTITUTE    TIES. 

(The  references  are  to  the  Proceedings  of  the  A.  R.  E.  A.,  in  which  last 
reference  is  made.) 

Atchison,  Topeka  &  Santa  Fe  Raihcay: 

Baird  Steel  Ties,  Newton,  Kan.,  Vol.   16,  page  525. 

Carnegie  Steel  Ties,  Newton,  Kan.,  Vol.   16,  page  525. 

Universal  Steel  Ties,  Florence,  Kan.,  Vol.  16,  page  525. 

R.  J.  Parker,  General  Superintendent:  "The  Baird  tie  is  in  good 
condition,  as  are  also  the  Universal  ties,  in  eastbound  main  track,  in 
front  of  passenger  depot  at  Florence.  The  Baird  tie  shows  a  little 
more  corrosion  than  the  Universal,  however.  It  has  been  in  the  track 
about  three  years  longer,  and  the  ballast  largely  composed  of  cinders, 
while  the  ballast  is  largely,  in  fact  altogether  crushed  stone,  where  the 
Universal  tie  is  laid. 

"Neither  tie  has  caused  any  extra  labor  at  the  present  writing,  and 
it  is  hard  to  express  preference.  Both  apparently  good  for  a  great 
many  years  to  come." 

Baltimore  &  Ohio  Railroad: 

Metal  Tie  Co. — 'Cast  Steel  Tie,  Martinsburg,  W.  Va.,  Vol.  16,  page 
525. — J.  B.  Myers,  District  Engineer :  "The  metal  ties  are  the  ties  made 
by  the  Metal  Tie  Co.,  which  were  installed  in  the  eastbound  main  track 
near  Martinsburg,  W.  Va.,  and  are  still  in  track,  none  of  them  having 
been  removed.  Some  few  of  the  wooden  blocks,  however,  have  been 
renewed  since  report  made  last  year,  otherwise  conditions  are  the  same 
as  last  year's  report. 

Boughton  Steel  Ties,  Akron.  Ohio,  Vol.  10,  page  509. — The  Boughton 
ties  which  were  installed  near  Akron ;  report  shows  that  nine  of  them 
are  still  in  track.  Four  of  these,  however,  will  have  to  come  out  shortly. 
It  was  reported  to  me  that  these  ties  are  found  particularly  hard  to 
tamp." 

Bessemer  &  Lake  Erie  Railroad: 

Carnegie  Steel  Ties. — F.  R.  Layng,  Engineer  of  Track:  "During 
the  year  191 5,  the  Bessemer  &  Lake  Erie  Railroad  ordered  and  will  re- 
ceive from  the  mills,  30,000  10-in.  base  and  50,000  8-in.  base  ties.  The 
section  has  been  changed  from  that  formerly  used.  For  the  purpose  of 
securing  a  stockier  section,  the  changes  are  principally  in  a  thicker  web 
and  in  more  generous  fillets  at  the  intersection  of  the  web  and  the  top 
and  bottom  tables  of  the  tie.  The  8-in.  tie  is  known  as  the  Carnegie 
Steel  Co.  M-29;  weight,  24  lbs.  per  foot;  and  8  ft.  6  in.  tie.  204  lbs., 
as  against  181  lbs.  for  the  M-21  section  formerly  used.  The  new  10-in. 
tie  is  Carnegie  Steel  Co.  M-28A  ;  weight,  29.8  lbs.  per  foot ;  an  8  ft.  6  in. 
tie  is  253.3  lbs.     We  have  started  to  use  this  year  a  two-bolt,  ^Vi-'m.  wide 
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clip,  designed  to  give  additional  strength  on  curves  and  further  to  make 
impossible  the  slewing  of  the  tie  where  the  steel  runs,  thus  acting  in 
a  much  more  effective  manner  than  the  2-in.,  one-bolt  clip  which  has 
been  used  heretofore.  The  inside  part  of  this  2VS-in.  clip  is  Carnegie  Steel 
Co.  section  No.  118,  and  the  outside  part  No.  118-A.  It  is  not  the 
intention  to  discontinue  altogether  the  use  of  the  small  clip;  the  larger 
clip  will  be  used  at  certain  points. 

"We  have  no  further  information  to  give  in  regard  to  the  steel  tie 
other  than  to  say  that  it  continues  to  give  satisfaction  " 

Buffalo,   Rochester   &   Pittsburgh   Railway: 

Carnegie  Steel  Ties,  Colden,  N.  Y.,  Vol.  16,  page  528. — E.  F.  Robin- 
son, Chief  Engineer:  "We  have  nothing  further  to  advise  regarding  the 
Carnegie  steel  ties  installed  in  our  track  in  Colden  in   1005." 

Chicago  &  Alton  Railroad: 

Simplex  Steel  Tie,  Chicago,  111.,  Vol.  16,  page  528. — H.  T.  Douglas,  Jr., 
Chief  Engineer :  "I  regret  to  advise  you  that  I  have  no  additional  in- 
formation which  I  could  offer  relative  to  the  Simplex  ties  in  our  north- 
bound main  line  track  about  ten  miles  south  of  Chicago.  These 
ties  are  still  in  our  track  and  are  giving  us  most  excellent  service  and,  in 
all  respects,  have  proven  altogether  good." 

Chicago,  Burlington   &   Quincy  Railroad: 

Universal  Steel  Ties,  Chicago,  111.,  Vol.  16,  page  528. — T.  E.  Calvert, 
Chief  Engineer:  "These  ties  were  installed  in  freight  track  about  300 
ft.  west  of  Western  Avenue,  in  Chicago,  in  March,  191 1.  There  were 
100  of  these  put  in  as  manufactured  by  the  Universal  Metallic  Tie  Com- 
pany of  Salt  Lake  City.  They  were  spaced  21  in.  centers,  ballasted  with 
gravel ;  traffic  was  light  freight.  We  used  oak  ties  at  the  joints,  as  no 
steel  ties  were  furnished  for  this  purpose. 

"These  ties  were  made  of  5^-in.  channel  irons,  8  in.  x  4  in.,  with  a 
wooden  block  under  each  rail.  This  block  is  held  in  place  by  means  of 
a  clamp  which  fastens  to  the  base  of  the  rail  and  a  bolt  running  through 
the  clamp  and  the  wood  block. 

"While  these  ties  are  still  in  good  condition,  they  are  beginning  to 
scale  off  considerably,  and  on  some  of  them  the  rust  scale  reaches  quite 
deep,  both  on  the  inside  and  outside  of  top  of  tie. 

"The  soil  and  climate  of  Chicago  are  both  hard  on  steel  metal  used 
in  this  way,  and  our  people  think,  and  judging  by  their  general  appearance 
at  this  time  after  about  four  years  of  service,  that  they  will  rust  out 
in  the  near  future  to  such  an  extent  as  to  weaken  them  and  that  they 
will  not  prove  in  the  place  we  are  using  them  any  economy  over  a  tie 
plated  treated  wood  tie.  The  cost  of  relaying  with  these  ties  would  be 
considerably  greater  than  it  would  be  with   a  wooden  tie." 

Chicago  &  Northzvestem  Raihvay: 

Buhrer  Composite  Tie,  Allis.  111.,  Vol.  10,  page  515. — W.  H.  Finley, 
Chief  Engineer:  "These  ties  were  removed  from  the  track  in  1914.  The 
steel  plates  on  top  of  them  were  badly  worn  as  well  as  the  clips  and 
bolts.  The  ties  themselves  were  in  fairly  good  condition,  and  are  still 
on  hand  at  Milwaukee,  but  cannot  be  used  in  their  present  condition. 
The  removal  in  1914  was  occasioned  on  account  of  track  elevation  work 
at  that  point." 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Raihvay: 

Carnegie  Steel  Ties,  Greensburg,  Ind.,  Vol.  16,  page  528. — Paul 
Hamilton,  Engineer  of  Track  and  Roadway:  "We  have  no  further  in- 
formation to  furnish  in  regard  to  Carnegie  steel  ties,  as  there  have  been 
no  changes  in  the  condition  of  the  ties  during  the  past  year." 


TIE     PLATES     IN    USE    ON    VARIOUS 
RAILROADS. 
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Cornwall  &  Lebanon  Railroad: 

Snyder  Steel  Ties,  Mt.  Gretna,  Pa.,  Vol.  16,  page  528.— A.  D. 
Smith,  President:  "With  regard  to  the  150  Snyder  steel  ties  installed  in 
our  track  near  Mt.  Gretna,  beg  to  advise  that  there  seems  to  be  no 
change  in  the  condition  of  these  ties  since  last  year,  having  received  very 
little  attention  since  my  last  letter." 

Denver   Union  Terminal  Railway: 

Shane  Steel  Ties,  Denver,  Colo.,  Vol.  16.  page  534—  J-  Keating, 
Manager:  "Please  note  following  from  our  track  foreman,  dated  Oct.  6, 
1915  :  'In  regard  to  the  Shane  steel  ties,  which  were  installed  in  track  at 
the  Union  Depot  Terminal  between  18th  and  iath  streets,  on  the  old  line, 
are  still  in  service  and  are  giving  better  satisfaction  than  any  other  ties 
in  this  yard. 

"  'They  have  held  the  surface  in  the  track  during  the  wet  season 
last  spring  and  summer  better  than  any  other  track  in  the  yard.'  " 

These  ties  were  formerly  reported  on  by  the  Union  Pacific  Railroad, 
A.  F.  Vick  Roy,   Superintendent. 

D uluth   &  Iron   Range  Railroad: 

Carnegie  Steel  Ties,  Vol.  16,  page  528.— W.  A.  Clark,  Chief  En- 
gineer: "In  regard  to  the  Carnegie  steel  ties  which  were  installed  in 
track  in  1905,  I  beg  to  advise  that  there  is  nothing  new  to  report,  as 
these  ties  continue  to  give  good  service." 

D uluth,  Missabe  &  Northern  Railway: 

Carnegie  Steel  Ties.  Vol.  16,  page  530. — H.  L.  Dresser,  Chief  En- 
gineer :  "We  have  not  put  in  any  more  of  these  ties  since  the  first 
installment  of  about  seven  miles  in  1908.  Every  one  of  these  ties  is  still 
in  the  service  and.  for  all  I  can  see,  is  just  as  good  as  the  day  it  was  put 
in.  They  have  given  us  very  good  satisfaction.  About  five  miles  of 
them  are  laid  in  a  track  across  a  big  muskeg  swamp,  which  used  to 
cause  us  much  trouble  when  using  wooden  ties.  On  account  of  the  shaky 
foundation,  the  rails  used  to  spread  even  when  using  tie  plates  until 
the  track  would  have  to  be  line  spiked  every  year  to  keep  it  in  shape, 
but  we  have  nothing  of  this  kind  to  bother  with  now. 

"Of  course,  we  do  some  light  surfacing  occasionally,  but  not  as 
much  as  we  did  with  the  wooden  ties  when  it  was  necessary  to  keep  con- 
tinually changing  out  old  ties  and  putting  in  new  and  thus  loosening  up 
the  roadbed  under  the  track.  If  we  had  put  in  new  wooden  ties  at  the 
time  we  put  in  these  steel  ties,  we  would  have  found  it  necessary  to 
change  out  at  least  75  per  cent,  of  them  before  this  time,  and  another 
year  or  so  would  have  seen  them  all  changed." 

Elgin,  Joliet  &  Eastern  Raihvay: 

Bates  Tie.  Whiting,  Ind.,  Vol.  16,  page  530;  Carnegie  Steel  Ties, 
various  locations,  Vol.  16,  oage  530;  Campbell  Concrete  Ties. — A  Montz- 
heimer,  Chief  Engineer:  "We  now  have  14,028  Carnegie  steel  cross  ties 
in  our  track,  put  in  as  follows  : 

1907   50  ties 

1909    3  600     " 

1910    7,000    " 

1911    500     ' 

191 2    1,000 

1913    T.638     " 

1914    240 

14,028     " 


250  TIES. 

"We  also  have  893  sets  of  Carnegie  steel  switch  ties,  put  in  as  follows : " 

1912    154  sets 

IQI3    494    ' 

1914    85     j 

1915    160     " 

893     " 

"All  of  these  steel  ties  are  in  excellent  condition,  and  giving  good 
satisfaction. 

"In  addition  to  the  above  steel  ties,  we  have  62  Bates  reinforced  con- 
crete ties,  located  in  eastbound  main  track,  near  Whiting,  Ind.  These  ties 
were  placed  in  our  track  in  IQI2,  and  are  in  first-class  condition.  As  far 
as  they  can  be  seen,  they  are  in  the  same  condition  as  when  first  placed 
in  track. 

"In  reference  to  Campbell  reinforced  concrete  ties  which  were  placed 
in  our  track  September  7,  1914.  These  ties  have  all  been  removed 
through  failure.  The  ties  cracked,  due  to  insufficient  reinforcement.  The 
concrete  also  shattered  considerably  underneath  the  rail.  The  most 
service  we  got  out  of  these  ties  was  eleven  years,  and  some  of  them  did 
not  last  that  long." 

Erie  Railroad: 

Carnegie  Steel  Ties,  Croxton,  N.  J.,  and  Jamestown,  N.  Y.,  Vol. 
14,  page  749. — F.  B.  Lincoln,  General  Manager :  "The  only  switch  ties 
of  this  character  on  East  Grand  Division  were  installed  in  track  at 
Croxton,  N.  J.,  in  1909,  and  this  installation  consists  of  57  switch  ties. 
Below  please  find  information  requested  by  you  : 
Weight  of  rail  on  ties  :  90-lb.  ASCE 

Spacing  of  ties :  20  in.,  C  to  C 

Kind  of  ballast:  Stone 

Kind  of  traffic  over  ties:  Freight 

Amount  of  traffic  over  ties :  700  cars  per  24  hours 

Locomotive  axle  loads  over  ties :  60,000  pounds 

Are  ties  insulated  or  non-insulated?  Non-insulated 

What  type  of  clip  used  to  hold  rail?  Bridge  lugs   and  bolts 

Do  passenger  trains  pass  over  ties  at  high   Do  not  pass  over  this  switch 

speed? 
How  do  you  close  gage  of  worn  rail?  Unable  to  correct  wide  gage 

"We  are  not  in  a  position  to  express  any  opinion  as  to  merits  of 
these  ties." 

Mr.  R.  S.  Parsons,  General  Manager :  "Two  hundred  and  eighty 
steel  ties  of  the  Carnegie  type  were  installed  in  track  through  station 
platform  at  Jamestown,  in  September,  1909.  The  ties  which  were  placed 
under  the  street  railway  crossing  just  east  of  the  station  were  taken  up 
in  November,   1914,  on  account  of  being  broken  and  badly  bent. 

"The  steel  ties  in  the  nlatform  are  still  in  service.  We  have,  how- 
ever, had  some  trouble  with  the  ties-,  due  mainly  to  bending  and  break- 
ing directly  under  the  rail  through  the  holes  by  which  the  rail  clips  are 
fastened  to  the  ties." 

Florida  East  Coast  Railway: 

Percival  Concrete  Ties,  St.  Augustine,  Fla.,  Vol.  16,  page  530.— 
C.  S.  Coe,  Engineer  Maintenance  of  Way:  "So  far  as  the  ties  them- 
selves are  concerned,  I  beg-  to  advise  that  my  last  report,  of  August  26, 
1914,  still  holds  good;  no  defects  have  developed,  a  recent  examination 
showing  the  ties  to  be  in  as  good  condition  in  all  respects  as  when  first 
installed  in  our  track  in  March,  1906,  the  16  concrete  ties  being  under 
one  70-lb.  ASCE  rail. 
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"The  fastenings  held  well  and  were  never  touched  previous  to  June, 
1915,  when  it  was  found  necessary  to  replace  some  of  the  gum  wood 
cushions  between  the  rail  and  the  ties,  which  were  beginning  to  split 
after  the  remarkable  long  service  of  nine  years.  We  were  obliged  to 
replace  these  gum  cushions  with  oak,  as  Mr.  Percival,  the  inventor  of 
the  ties,  was  unable  to  obtain  the  gumwood  at  the  time.  It  is  not  ex- 
pected that  the  lasting  qualities  of  the  oak  cushions  will  be  anything  near 
that  of  the  gum,  in  this  climate,  Mr.  Carter  stating  in  a  letter  to  Mr. 
Percival  that  the  lasting  qualiies  of  the  gum  originally  furnished  had 
outworn  anything  of  a   similar  character  that  he  had   ever  used." 

Galveston,   Harrisburg   &   San  Antonio  Railroad: 

Percival  Conxrete  Ties,  Vol.  16,  page  530. — I.  A.  Cottingham,  Assist- 
ant General  Manager :  "In  regard  to  the  Percival  concrete  ties  which 
we  have  in  our  track,  I  wish  to  advise  that  about  the  only  additional 
information  besides  that  which  was  furnished  you  last  year  is  as  follows : 

"Bayou  Sale — 97  ties  installed  in  1910,  no  ties  renewed  to  date.  All 
ties  sound  and  in  good  condition.  No  cracks,  excepting  one  tie,  which 
was  made  by  screwing  spike  into  socket  that  had  a  stone  in  it. 

"Twenty-six  of  the  original  creosoted  cushions  were  replaced  with 
cypress  cushions. 

"Eighty-five  of  the  old  creosoted  cushions  cracked  lengthwise  with  the 
tie  and  across  the  spike  hole. 

"Twelve  of  the  old  cushions  completely  burned  off  on  the  inside  of  the 
rail,  leaving  spikes  exposed.  This  caused  by  the  continued  practice  of 
cleaning  fires  in  locomotives  on  track. 

"Forty  cushions   partly   burned   on   inside  of   rail. 

"Two   cushions   show   slight   signs   of   decay. 

"Twenty-nine  cushions  badly  split,  cracks   ll   in.   to   '_<   in.   wide. 

"Nine  ties  have  Vi  in.  to  1  in.  of  corner  chipped  off. 

"All   spikes  well  clown. 

"Line,  surface  and  gage  good. 

"Clifton — One  renewal  in  past  year  on  account  of  screw  spikes  being 
broken  off  in  tie.     There  are  21   ties  remaining,  this  set  in  fair  shape. 

"San  Leon — There  have  been  two  renewals  during  this  year  in  this 
set.  due  to  one  tie  being  broken  and  the  other  tie  with  seven  broken 
spikes.     There  are  50  ties  remaining  in  this  set." 

Hocking   Valley  Railway: 

International  Steel  Tils.  Columbus,  O.,  Vol.  16,  page  531. — Win. 
Michel,  Chief  Engineer :  "Will  advise  that  the  16  International  steel 
ties  which  have  been  in  our  track  for  several  years  were  removed  June 
17,  1915.  These  ties  failed  on  account  of  cracking  and  disintegration  of 
the  concrete.     They  were  put  in  the  track  December  22,   191 1." 

Huntington   &  Broad  Top  Mountain  Railroad: 

Stoneback  Concrete  Tie.  No  report  received.  Tie  will  not  be  de- 
scribed until  report  is  submitted. 

Take  Cham  plain   &  Moriah  Railroad: 

Carnegie  Steel  Ties,  Vol.  11,  page  891. — M.  Moore,  Superintendent: 
"With  reference  to  the  Carnegie  steel  ties  that  we  have  in  use.  bee  to 
advise  that  I  have  nothing  further  to  report  concerning  these  ties.  They 
have  not.  as  yet,  been  removed  from  the  track  for  any  cause,  and  appear 
to  be  giving  satisfactory  service." 

Lake  Erie  &   Western  Railroad: 

Buhrer  Composite  Ties,  Tipton,  Ind.,  Vol.  10.  page  515. — J.  K.  Con- 
ner, Chief  Engineer :  "In  regard  to  the  Buhrer  composite  ties  which 
are  in  this  company's  track.     My  file  indicates  that  20  BuhreJ-  ties  were 
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placed  in  the  main  track  west  of  Tipton  in  1903.  There  are  14  ties 
still  in  the  track,  six  having  been  taken  out.  The  condition  of  three  of 
the  14  ties  indicates  that  it  will  be  necessary  to  replace  them  in  1916." 

Lake  Terminal  Railroad: 

Carnegie  Steel  Ties,  Lorain,  Ohio,  Vol.  16,  page  531. — G.  M.  Fer- 
guson, Superintendent:  "In  reference  to  our  experience  with  Carnegie 
steel  ties,  would  state  that  the  Carnegie  steel  ties  are  used  by  us  ex- 
clusively, we  having  started  their  use  in  the  year  1907.  We  recently 
made  some  tests  as  to  the  loss  from  corrosion  in  track,  taking  ties  from 
track  where  boiler  house  ashes  had  been  used,  with  fair  drainage,  and 
found  that  the  average  loss  was  86/100  of  1  per  cent,  per  year.  We  also 
checked  these  results  with  ties  which  had  been  installed  in  1910,  which 
showed  a  loss  of  82/100  of  1  per  cent,  per  year,  and,  as  a  result,  we  believe 
that  we  will  secure  an  average  of  at  least  25  years'  service  from  steel 
ties.  Where  the  drainage  is  good,  we  believe  this  can  be  considerably 
increased,  by  reason  of  the  fact  that  ties  taken  from  points  where  the 
drainage  was  good  showed  a  loss  of  but  1  pound  in  5  years.  All  of 
the  ties  tested  were  taken  from  tracks  which  were  subject  to  heavy 
traffic  of  large  capacity  loaded  cars,  such  as  coal,  ore,  etc. 

"The  use  of  steel  ties  has  also  enabled  us  to  secure  a  longer  life  on 
our  old  wooden  ties,  by  installing  the  steel  ties  every  third  tie  and  hold- 
ing the  rails  to  gage,  thus  avoiding  the  necessity  of  respiking  and  dis- 
turbing the  old,  wooden  ties. 

"We  are  securing  excellent  results  from  their  use  and  would  not 
now  use  anything  else,  as  they  have  proved  very  satisfactory  in  every 
particular." 

Midvale  Steel  Company: 

Snydkr  Composite  Ties.  Midvale.  Pa.,  Vol.  14,  page  755. — Newell  C. 
Bradley,  Assistant  Superintendent :  "In  regard  to  our  Snyder  composite 
ties,  which  we  have  in  these  works,  would  say  that  they  have  not  been 
sufficiently  stiff  to  stand  the  loads  on  our  main  tracks  and  we  have  put 
them  on  tracks  where  the  traffic  is  lighter  and  less  frequent.  For  this 
reason  we  do  not  believe  that  they  are  a  paying  proposition  for  us." 

Nezv   York  Central  Railroad: 

Buhrer  Composite  Ties  and  Universal  Steel  Ties,  Vol.  16.  page 
531. — G.  W.  Vaughan,  Engineer  Maintenance  of  Way:  "In  regard  to  the 
Buhrer  steel  ties,  all  of  these  ties  are  now  out  of  our  main  track  and  we 
are  putting  them  in  sidings  approaching  the  main  track,  where  the  wooden 
ties  last  but  a  very  short  time  on  account  of  burning  them  out  in  clean- 
ing fires  on  engines. 

"We  have  not  yet  given  up  to  adopting  or  using  this  type  of  tie  for 
main-track   conditions. 

"In  regard  to  the  Universal  tie,  which  is  a  steel  tie  with  wooden 
blocks  for  support  of  the  rail.  We  had  these  in  track  at  a  place  known 
as  Washington  Cut,  between  Spuyten  Duyvil  and  72d  Street  Yard,  on 
the  West  Side,  New  York  City,  where  there  is  mostly  freight  service. 

"We  have  track  circuits  through  this  point,  and  we  found  it  very 
difficult  to  maintain  the  insulation,  due  to  oxidation  of  the  metal  clips 
which  hold  the  rail  to  the  tie,  as  well  as  the  wood  itself,  also  the  wooden 
blocks  crushed  down.  We  are  having  these  ties  removed  and  put  in 
slow-speed   track,   where   there   are   no    circuit   conditions. 

"These  ties  were  sent  us  about  four  years  ago  for  experiment,  but 
on  account  of  their  first  cost,  oxidation,  etc.,  I  doubt  if  the  cost  would 
warrant  us  in  buying  any  more,  and  their  expense  is  too  great  to  use 
them  in  side  tracks." 
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New   York,  Chicago  &  St.  Louis  Railroad: 

Kimball  Concrete  Ties,  Cleveland.  Ohio.  Vol.  10,  page  517. — E.  E. 
Hart,  Chief  Engineer :  "In  regard  to  the  six  Kimball  concrete  ties  in- 
stalled near  Euclid  Avenue,  Cleveland.  During  the  grade  elimination 
at  this  point,  the  ties  were  lost  in  the  shuffle,  and  we  have  no  record  of 
them  whatever  since  the  last  report  that  I  made  to  the  Tie  Committee." 

Pennsylvania  Railroad: 

Standard  Steel  Tie  Company  Ties,  Parkersburg,  Pa.,  A.  C.  Shand. 
Chief  Engineer :  "We  have  five  hundred  steel  cross  ties  in  our  east- 
bound  freight  track  at  Parkesburg,  Pa.,  manufactured  by  the  Standard 
Steel  Tie  Company  of  Dallas,  Tex.  These  ties,  however,  have  only  been 
in  track  about  two  months,  and  we  are  unable  to  give  you  any  report  as 
to  their  efficiency." 

Mr.  W.  G.  Coughlin,  Engineer  Maintenance  of  Way.  reports  as 
follows : 

Mechling  &  Smith  Steel  and  Wood  Ties,  Wilkinsburg  Yard,  \  ol. 
16,  page  531.  "Of  the  100  Mechling  &  Smith  steel  and  wood  ties  laid 
in  Wilkinsburg  yard  in  October,  1910.  twenty  were  removed  this  fall,  the 
wood  blocks  being  worn  so  that  there  was  no  longer  a  good  bearing  for 
the  rail  or  anchorage  for  the  spikes.  The  steel  is  also  reported  to  be  in 
bad  condition,  and  many  of  the  bolts  holding  the  wood  blocks  are  broken. 
New  tie  plates  were  installed  on  the  remaining  80  ties.  The  steel  portion 
of  the  ties  is  reported  to  be  somewhat  corroded. 

"\Ye  are  advised  that  track  laid  with  these  ties  seems  to  get  out  of 
line  more  quickly  than  track  laid  with  wooden  ties,  and  it  is  impossible 
to  reline  them  without  digging  out  and  spoiling  their  old  bed.  It  is  also 
reported  that  these  ties  are  difficult  to  maintain  in  proper  surface,  the 
apparent  reason  being  insufficient  tamping  area. 

"Morgan  Steei.  Ties,  Vol.  16,  page  532.  During  the  past  year  a 
number  of  changes  have  been  made  in  the  design  of  this  tie.  but  none 
of  the  ties  hitherto  submitted  proving  entirely  satisfactory,  all  Morgan 
ties  remaining  in  track  were  removed  last  month.  We  have  this  month 
installed  56   Morgan   ties  of  a  new   design,   as   shown   in   photographs. 

"Carnegie  Steel  Ties.  Vol.  16,  page  531.  Three  thousand  installed 
near  Atglen,  November.  1013.  In  October,  1914.  it  was  found  that  the 
rivets  had  become  loose  on  83  of  these  ties.  The  Carnegie  Steel  Com- 
pany furnished  100  new  ties  to  replace  them.  The  latter  were  installed 
and  the  83  defective  ones  returned  to  Carnegie  Steel  Company  in  Decem- 
ber, 1914. 

"Snyder  Composite  Ties,  Vol.  16,  page  532.  A  number  of  the  Sny- 
der ties  in  the  Conemaugh  Yard  and  on  the  Johnstown  Branch,  Pitts- 
burgh Division,  have  failed  by  reason  of  the  rail  wearing  through  the 
steel  shell.  Such  failure  occurred  principally  at  or  near  joints.  Nine 
hundred  and  seventy  new  Snyder  ties  have  been  purchased  this  year  and 
installed  in  the  eastward  freight  track  on  the  Atglen  &  Susquehanna 
Branch,  Philadelphia  Division,  east  of  Atglen.  in  July. 

"In  response  to  your  letter  of  October  18,  we  give  below  the  data 
requested  concerning  experimental  ties,  the  information  being  arranged 
as  indicated  in  your  letter,  viz.  : 


Plan. 

Description. 

Main   track  or   siding. 

Weight  of  rail. 

Character  of  ballast. 

Number  of  ties  per  33  ft.  rail. 

Character  of  subgrade. 

Total  number  of  ties  laid. 

Date  installed. 
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Fig.  6.    Longitudinal  View  of  the  New  Design  Morgan  Tie  in  Service 
at  atglen  on  the  pennsylvania  railroad. 


Fig.  7.     Near  View  of  New  Design  of  Morgan  Tie. 
This  shows    (1)    pan  for  distributing  the  load  on  the  ballast,  which 
is  illustrated  in  detail  in  Fig.  9,  and    (2)    the  clips   marked  "A"  in  the 
photograph  for  fastening  the  running  rail  to  the  tie  and  as  shown  in  more 
detail  in  Fig.  8. 
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Fig.  8.     Gro^s-section  of  the  Running  Rail  Adjacent  to  the  New 
Design  Morgan  Tie. 
This  shows  in  more  detail  the  clips  mentioned  in   No.  J,   which  are 
marked  "A"  and  which  are  more  particularly  illustrated  in  Fig.   10. 


Fig.  o.     Another  Perspective  View  of  the  New  Design   Morgan  Tie. 
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Fig.  io.     Photograph  (i  )  of  the  Cups  Mentioned  in  Figs.  7  and  8,  and 
( 2 )  the  Pan  Illustrated  in  Figs.  8  and  g. 
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Fig    ii.     Standard  Steel  Tie. 
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Fig.  12.     Pennsylvania  Steel  Company  Tie. 
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10.  Weight  of  tie. 

ir.  Cost. 

12.  Point  of  manufacture. 

13.  List  showing  where  used,   if  at  more  than   one  point. 

STANDARD     STEEL    TIE. 

i.  Plan  13,  No.  A  attached. 

2.  Rolled    steel    channel   with    creosoted    wooden   blocks    under    rails. 

3.  Main   eastward    freight  track. 

4.  100-lb. 

5.  Trappe  rock  and  cinder. 

6.  Eighteen. 

7.  Earth    and    stone. 

8.  200  of  5-16-in.   steel.  300  of  -v^-in.  steel. 

9.  June,    1915. 

10.  5-16-in.  size,   160  lb. ;   ^-in.  size,  205  lb. 

11.  5-16-in.  steel.  $2.00  each:  ^-in.  steel,  $3.25  each. 

12.  Channels,  Midland,  Pa. ;  blocks,  Lone  Island  City,  N.  Y. 

13.  Phila.   Div.,   Atglen  &  Susquehanna  Branch,  east  of  Lenover,    Pa. 

SNYDER   COMPOSITE   TIE. 

i.  (See  Vol.  13,  1912,  page  352,  for  plan.) 

2.  Steel  shell  filled  with   asphalt  and   stone  concrete. 

3.  Main  eastward  freight  track. 

4.  100-lb. 

5.  Trappe  rock  and  cinder. 

6.  Sixteen. 

7.  Earth  and  stone. 

8.  970. 

9.  July,  191 5. 

10.  494  lbs. 

11.  $400. 

12.  Pittsburgh,  Pa. 

13.  Phila.   Div..  Atglen  &   Susquehanna   Branch,   east  of   Lenover,   Pa. 

MORGAN   IMPROVED   STEEL   TIES. 

i.     See  Figs.  6,  7,  8,  9,  10. 

2.  Tie   is    formed   by   riveting   wings   on   an   inverted    rail.      Chairs   are 

placed  on  this  tie  supporting  an  inverted  longitudinal  rail,  which, 
in   turn,   supports   the   running   rail. 

3.  Main  eastward  freight  track. 

4.  100-lb. 

5.  Trappe  rock,  154  in-  to  3  in. 

6.  Eighteen. 

7.  Earth  and  stone. 

8.  Fifty-six. 

9.  October,   1915. 

10.  Have  no  data. 

11.  Unknown.      The    Morgan    Engineering    Company    makes    no    charge 

for  manufacture.     The  railroad  company  furnishes  the  old  rail. 

12.  Alliance,  Ohio. 

13.  Phila.  Div.,  Atglen  &  Susquehanna  Branch,  east  of  Lenover,  Pa. 

PENNSYLVANIA    STEEL    COMPANY'S    STEEL    TIES. 

1.  See  Fig.  12. 

2.  The   base   is    formed   by  riveting   together   two    "L"   bars   with   web 

members  between  them  supporting  a  casting  forming  'an  "I" 
section  under  the  rail,  filler  plates  being  used  at  other  points 
between    the    bottom    "L's." 
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Main  eastward   freight  track, 
ioo-lb. 

Trappe  rock,  i%  in.  to  3  in. 
Eighteen. 
Earth  and  stone. 
Five. 

June  and  July,  1913. 
160  lbs. 
Unknown. 
Steelton,   Pa. 

Phila.  Div.,  Atglen  &  Susquehanna  Branch,  west  of  Atglen.     Two  of 
these  ties  were  removed  October  20,   1915.  account  of  failure. 

LEONARD    CONCRETE    TIE. 


2.  Reinforced  concrete,  square  chamfered  section,  cored;  wooden  blocks 

under  rails. 

3.  Main   eastward    freight   track. 

4.  100  lbs. 

5.  Trappe  rock,  1%  in.  to  3  in. 

6.  Eighteen. 

7.  Earth  and  stone. 

8.  Six. 

9.  May,  1914. 

10.  600  lbs. 

11.  Unknown. 

12.  Philadelphia,   Pa. 

13.  Phila.   Div.,   Atglen  &   Susquehanna  Branch,   west   of  Atglen,   Pa. 

WAPLES   CONCRETE  TIE. 

i.     Inventor  is  unwilling  to  publish  plan  as  changes  are  contemplated. 

2.  Reinforced  concrete,  wooden   wedges   under   rails ;    rails   secured  by 

adjustable  hook  rods. 

3.  Main  eastward  freight  track. 

4.  ioo-lb. 

5.  Trappe  rock,  1%   in.  to  3  in. 

6.  Eighteen. 

%  Earth  and  stone. 

8.  Six. 

9.  August,  1915. 

10.  1,000  lbs. 

11.  Unknown. 

12.  Philadelphia. 

13.  Phila.  Div..  Atglen  &  Susquehanna  Branch,  west  of  Atglen,  Pa. 

Pennsylvania  Lines,  Northwest  System: 

Champion  Combination  Concrete  and  Steel  Tie,  Emsworth,  Pa., 
Vol.  16,  page  532. — R.  Trimble,  Chief  Engineer  Maintenance  of  Way : 
"This  tie  was  formerly  known  as  New  York  Steel  Tie  Company's  tie,  now 
known  as  National  steel  tie.  A  recent  inspection  showed  these  ties  to  be 
in  very  good  condition,  with  the  exception  that  in  probably  50  per 
cent,  the  concrete  filling  had  worked  out  of  the  steel  shell  for  a  distance 
of  about  one-half  inch.  This  would  indicate  that  the  concrete  had 
broken  across  the  tie.  but  it  has  not  as  yet  had  any  effect  on  the  life 
of  same.  The  insulation  originally  supplied  with  these  ties  proved  very 
faulty,  and  a  large  number  of  signal  failures  resulted  during  melting 
of  heavy  snows.  During  the  past  summer,  new  insulation  was  applied, 
and  it  is  not  anticipated  that  any  further  trouble  will  be  had  with  signal 
failures  from  this  cause." 
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Riegler  Concrete  Steel  Ties,  Emsworth,  Pa.,  Vol.  16,  page  532. — 
Since  the  above  report  was  made,  the  only  development  with  regard  to 
these  ties  is  that  they  were  removed  from  No.  1  track  (in  which  they 
had  been  originally  placed)  in  December,  1914.  and  were  replaced  in 
No.  3  track  on  May  6,  1915.  This  change  of  location  was  due  to  the 
fact  that  there  were  a  number  of  experimental  devices  in  No.  1  track, 
and  as  there  had  been  some  signal  failures  it  was  desired  to  reduce 
the  number  of  devices,  so  that  the  determination  of  the  signal  failures 
could  be  more  readily  made.  It  was  found  that  these  failures  were 
due  to  faulty  insulation  of  another  steel  tie  (New  York  Steel  Company's 
ties)  and  were  not  in  any  way  attributable  to  the  Riegler  ties.  During 
the  time  that  the  Riegler  ties  were  out  of  track,  a  very  careful  examina- 
tion was  made  of  them  and  they  were  found  to  be  in  very  good  condi- 
tion. Two  of  the  ties  showed  some  cracks  in  the  concrete,  but  not  of 
sufficient  magnitude  to  affect  the  integrity  of  the  ties.  These  ties  have 
now  been  in  service  for  over  seven  years,  and  apparently  are  in  as  good 
condition  as  when  newly  made. 

"Rohm  Steel  Ties,  Sewickley.  Pa..  Vol.  16,  page  $32. — A  recent  in- 
spection showed  that  these  ties  were  still  in  good  condition,  with  the  ex- 
ception of  one  tie,  which  shows  a  crack  in  the  holding  plate  outside  of 
the  rail.  A  great  many  of  the  holding  plates  are  loose,  and  the  fiber 
insulation  is  working  out  from  between  the  plates  and  the  rails.  The 
Supervisor  is  of  the  opinion  that  the  ties  require  a  little  more  labor  to 
keep  in  line  than  do  wooden  ties  and  about  the  same  amount  of  sur- 
facing. The  wedges  holding  the  cover  plates  require  tightening  about 
once  a  month,  and  at  the  present  time  are  driven  almost  as  far  as  they 
can  go." 

Pere  Marquette  Railroad: 

Alfred  Concrete  Steel  Ties,  Vol.  10,  page  519,  A.  L.  Grandy.  Chief 
Engineer :  "Since  1008  these  ties  have  gradually  failed  by  excessive  cut- 
ting under  the  rail  seat  and  many  have  broken  entirely  through  at  this 
point  and  practically  all  of  them  have  been  removed  at  this  date.  We 
are  not  replacing  any  of  them  with  concrete  ties." 

Pittsburgh  &  Lake  Erie  Railroad: 

Atwood  Steel  Tie,  McKees  Rocks,  Pa.,  Vol.  16,  page  533. — J.  A. 
Atwood,  Chief  Engineer:  "The  Atwood  concrete  steel  ties  that  are  in  No. 
4  main  track  west  of  McKees  Rocks  are  still  in  service.  Some  of  them 
cracked  slightly  shortly  after  installation,  but  have  not  cracked  further. 
They  have  been  in  service  since  October,  1908.  The  rail  fastening  on  this 
tie  should  be  improved  upon." 

Brukner  Reinforced  Concrete  Tie,  McKees  Rocks. — "The  Brukner 
concrete  steel  ties  that  were  in  No.  3  main  track  just  west  of  McKees 
Rocks  station  were  removed  from  main  track  on  account  of  ties  being 
so  badly  broken  that  it  was  not  safe  to  continue  them  in  use." 

Carnegie  Steel  Tie,  McKees  Rocks. — "The  Carnegie  steel  ties  that 
were  placed  in  No.  3  main  track  at  McKees  rocks  in  September,  1907, 
failed  to  such  an  extent  that  in  May,  1914,  500  (about  one-half  of  them) 
were  removed.  This  section  of  tie  is  not  heavy  enough  for  the  traffic  at 
this  point.  The  other  500  are  still  in  track  where  the  traffic  is  com- 
paratively light." 

International  Steel  Tie,  Glassport. — "The  International  concrete 
steel  ties  that  were  in  westbound  main  track  east  of  Glassport  station 
were  all  removed  in  February  and  March,  1915!.  on  account  of  being  so 
badly  broken  that  it  was  unsafe  to  continue  them  longer  in  use.  The 
failure  occurred  in  the  concrete." 
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Maxey  Steel  Tie,  Glassport. — "The  Maxey  or  United  States  steel 
ties  that  are  in  westbound  main  track  east  of  Glassport  have  cracked  so 
badly  that  it  will  soon  be  necessary  to  remove  them.  A  better  construc- 
tion of  these  ties  at  the  rail-bearing-  parts  will,  in  my  opinion,  make  this 
a  very  good  tie." 

Percival  Concrete  Tie,  McKees  Rocks. — "The  Percival  concrete  steel 
ties  that  were  in  No.  i  main  track  at  McKees  Rocks  station  were  removed 
after  having  been  in  service  twenty  months.  They  were  so  badly  broken 
that  it  was  not  safe  to  continue  them  in  use." 

Universal  Steel  Tie,  Terminal  Station,  Pittsburgh,  Pa. — "The  Uni- 
versal steel  ties  in  westbound  main  track  east  of  Smithfield  Street  Bridge 
at  Pittsburgh  have  been  in  service  since  February,  191 1,  and  are  still  in 
good  condition,  except  that  the  rail  fastening  is  poor." 

Pittsburgh,  Shawmut  &  Northern  Railroad: 

Carnegie  Steel  Ties,  Vol.  16,  page  534. — H.  S.  Wilgus,  Engineer 
Maintenance  of  Way :  "These  ties  are  failing  rapidly.  Some  have  already 
been  removed  and  other  renewals  will  follow  from  time  to  time.  This 
tie  is  one  of  the  first  type  placed  on  the  market. 

"Steel  ties,  I-beam  section,  require  about  12  per  cent,  more  ballast 
per  mile  than  wood  ties." 

Union  Railroad: 

Carnegie  Steel  Ties,  Vol.  16.  page  534. — F.  R.  McFeatters,  Superin- 
tendent.    No  report  received  this  year. 

(II)     USE    OF    SUBSTITUTE    TIES    ON    FOREIGN    RAILWAYS. 

(A)  A  Report  on  the  Use  of  Metal  Railroad  Ties,  by  E.  E.  Russell 

Tratman ; 

(B)  Abstract  of  report  on  use  of  metal  ties  in  Germany  to  the  U.  S. 

Government  by  Dr.  W.  K.  Hatt  (heretofore  unpublished)  ; 

(C)  A  series  of  references  in  connection  with  dispute  among  profes- 

sional German  railroad  men  on  the  question  of  substitute 
ties; 

(D)  Reference  to  interesting  articles  on  the  use  of  substitute  ties  in 

foreign  countries,  prepared  by  A.  C.  Kaestner,  in  Broad- 
way, New  York,  N.  Y. ; 
each  more  fully  described  as  follows : 

(A)  A  Report  on  the  Use  of  Metal  Railroad  Ties,  by  E.  E.  Russell 
Tratman. 

Bulletin  No.  9  of  the  United  States  Department  of  Agriculture,  Divi- 
sion of  Forestry,  published  in  1894.  This  valuable  book  outlines  the 
use  of  metal  ties  in  Europe,  Africa,  Australasia,  Asia,  South  America  and 
North  America;  the  general  review  of  metal  track  questions  is  of  great 
value;  the  preservation  of  wooden  ties;  patents  relating  to  metal  railroad 
tracks  covering  the  period  from  March,  1890,  to  March,  1894,  a  summary 
(page  311)    of   which   is    as   follows: 

Concrete  block  ties. 

Fastenings  for  metal  ties. 

Joint  for  rails  on  metal  ties. 

Ties  utilizing  old  rails. 

Ties  for  street  railway  tracks. 

Combination  ties  of  metal  and  wood. 

Longitudinals. 
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(B)  Abstract  of  report  on  the  use  of  metal  ties  in  Germany  to  the 
U.  S.  Government,  September,  1909.  By  Dr.  W.  K.  Hatt.  (Heretofore 
unpublished.) 

It  is  quite  apparent  that  conditions  in  Germany  as  in  this  country 
are  changing  fast  with  respect  to  increased  severity  of  service  on  track, 
and  that  many  of  the  standards  used  now  in  the  German  track,  including 
steel  ties  and  various  forms  of  tie  fastenings,  are  experimental.  It  is 
probable  that  officials  have  not  in  possession  the  information  which  would 
show  whether  or  not  these  standards  are  successful.  It  would  seem  also 
that  the  tendency  of  the  German  official  is  to  introduce  improvements  and 
complications  beyond  the  immediate  proven  necessity  for  them.  It  must 
not  be  forgotten  that  the  German  railroads  are  state  railroads  and  that 
improvements  and  experiments  can  be  entered  into,  the  value  of  which 
may  be  apparent  only  after  a  lapse  of  many  years.  This  is  because  of 
the  permanency  of  the  controlling  organization. 

It  appears  that  the  Rueping  process  is  of  much  more  general  use  in 
Europe  than  in  America,  and  is  rapidly  becoming  the  standard  process 
in  Continental  Europe. 

The  use  of  steel  ties  is  somewhat  a  question  of  geography,  being 
more  usually  in  the  vicinity  of  the  large  steel  works,  and  is  somewhat 
rare  except  for  switches  in  the  vicinity  of  Berlin  and  the  northeast.  The 
use  of  steel  ties  is  also  no  doubt  determined  by  relations  other  than  those 
of  track  economy.  The  government  orders  both  kinds  of  ties,  partly,  no 
doubt,  to  keep  prices  down  by  competition,  but  also  to  keep  these  well- 
established  industries  in  operation. 

With  reference  to  the  advantage  of  the  steel  ties  and  the  service 
they  give  in  the  track,  my  information  is  that  the  steel  tie  and  fastenings 
have  been  increased  in  strength  and  redesigned  so  often  to  meet  the  in- 
creased weights  of  engines  and  to  correct  former  mistakes  in  design  that 
the  modern  steel  tie  has  not  been  in  the  track  long  enough  to  give  any 
indication  of  its  probable  life  or  success.  The  many  changes  which 
have  been  made  in  such  ties  with  respect  to  weight  and  design  show  that 
weaknesses  have  been  developing.  I  must  confess,  however,  that  I  was 
not  able  to  come  in  contact  with  those  individuals  who  are  responsible 
for  promoting  the  use  of  the  steel  tie.  The  trackmen  with  whom  I  have 
talked  in  the  vicinity  of  Berlin  were  strongly  against  steel  ties,  and  the 
engineer  at  Zurich  was  strongly  in  favor  of  them. 

THE    SO-CALLED    MILITARY    TRACK    AT    ZOSSON. 

The  track  is  twenty  miles  long,  constructed  in  1903  for  trials  of 
electric  locomotives,  on  which  speeds  of  120  miles  per  hour  were  attained. 
The  track  is  laid  on  broken  stone  ballast  20  in.  deep  below  the  ties, 
which  are  5  in.  x  10  in.  x  9  ft.,  creosoted  pine,  spaced  25  in.  centers  and 
20  in.  at  the  joints,  protected  with  hook  tie  plates.  Two  screw  spikes  pass 
through  the  tie  plate  on  the  outside  of  the  rail.  The  rail  is  held  on  the 
outside  by  the  hook  and  on  the  inside  by  a  clip,  through  which  a  screw 
spike  passes.  The  pine  ties  are  doweled  with  creosoted  beech  dowels. 
An  examination  of  this  track  showed  that  tie  plates  had  not  cut  into  the 
tie  and  the  thread  in  the  dowels  had  not  been  spread  by  the  action  of 
the  screw  spikes.  There  are  18  or  20  trains  a  day  passing  over  this 
track. 

VISIT    TO    THE    EXPERIMENTAL    TRACK    AT    ORANIENBERG,    ABOUT    25     MILES 
NORTH    OF   BERLIN. 

This  experimental  track  was  constructed  in  1906  by  the  central  depart- 
ment of  the  Prussian  State  Railroads,  to  determine  experimentally  the 
best  track  construction  to  meet  given  conditions.  It  consists  of  an  oval 
track  two  miles  in  circumference,  over  which  runs  a  train  consisting 
of  electric  locomotive  and  cars.     At  about  every  50  ft.,  two  vertical  rail 
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ends  were  sunk  in  the  ground  on  each  side  of  the  track,  and  clips  riveted 
onto  them  to  serve  as  a  reference  line  for  measurement  of  track 
deformations.  The  service  is  considered  as  severe  in  one  year  as  eight 
years  on  the  main  line.  The  cost  of  the  roadbed  and  equipment  is 
stated  to  have  been  $40,000. 

About  a  year  before  my  visit  the  first  track  had  become  worn  out 
and  the  new  track,  consisting  mainly  of  steel  and  beech  ties,  had  been 
set  under  service. 

Some  of  the  elements  which  were  being  experimented  with  at 
Oranienberg  may  be  listed  as  follows : 

1.  Prussian  standard  steel  tie  with  side  ribs  have  been  down  one 
year  in  different  forms  of  ballast.  The  evidences  of  derailment  of  cars 
were  visible,  but  the  steel  ties  were  not  sprung.  The  modern  double  steel 
tie  was  used  at  the  joints.  It  was  said  that  the  steel  ties  did  not  keep 
the  track  in  line  in  gravel  ballast,  but  did  so  in  stone  ballast.  Wooden 
ties  in  gravel  ballast  were  about  as  effective  as  steel  in  stone  ballast. 

2.  Various  forms  of  anchoring  the  rails  to  the  ties  were  under 
experimentation.  These  anchors  are  found  more  necessary  in  steel 
ties  than  in  the  case  of  wood.  The  various  forms  of  anchors  seemed 
all  to  be  effective,  although  the  track  as  a  whole  had  not  been  down  long 
enough  to  give  final  results. 

3.  The  scarf  joint  appeared  to  be  unsuccessful  inasmuch  as  the  inner 
edge  of  the  scarf  sheared  off  at  the  edge,  due  to  the  wave  motion  in 
the  rail. 

The  records  of  traffic  passing  over  this  experimental  track  show  that 
in  369  working  days  the  number  of  kilometer  tons  was  about  8  million. 
In  the  months  of  January,  February.  March  and  April,  in  1909.  there  were 
nearly  7  million  kilometer  tons.  The  locomotive  weighed  59^/2  tons  and 
would  pull  a  train  of  from  240  to  375  tons.  The  speed  of  the  train  was 
60  kilometers  per  hour. 

INSPECTION    OF    THE    TRACK    OF    THE    PRUSSIAN     STATE    RAILWAY     NEAR 
CHARLOTTENBURG. 

This  piece  of  track  was  on  a  curve  350  meters  radius.  Pine  ties, 
treated  with  zinc  chloride  and  creosote,  and  doweled  with  creosoted 
beech  dowels,  had  been  in  service  eight  years.  Tie  plates  had  cut  in  the 
pine  about  *4  in.,  the  thread  in  the  dowel  still  being  perfect.  On  the 
same  curve  were  creosoted  white  oak  ties  without  dowels  that  had  been 
worn  down  three-eighths  of  an  inch  on  the  inside  rail  toward  the  center 
of  the  curve.  The  shoulder  tie  plates  were  used  in  each  case.  There  was 
no  difference  between  the  widening  of  the  gage  between  the  oak  and 
the  pine.  It  was  stated  that  without  the  dowels  the  pine  ties  would  not 
keep  the  gage  in  line.  The  rail  weighed  41^4  kilograms  per  meter,  and 
70  trains,  on  2,100  axles,  passed  over  the  track  in  one  day.  The  gage 
had  not  been  changed  since  1901.  There  was  little  if  any  wear  on  the 
outside  of  the  rail,  the  wear  taking  place  on  the  guard  rail  next  to  the 
inner  rail  of  the  curve.  The  action  of  the  traffic  did  not  seem  to  lift  the 
rails  and  there  was  no  noticeable  motion  of  the  joints.  The  wear  of 
the  rail  had  been  equivalent  to  l%  millimeters  widening  of  the  gage 
due  to  wear  since  1901. 

The  special  form  of  double  tie  plate  was  used  for  holding  the  guard 
rail  and  inner  rail  of  curves  below  400  meter  radius. 

Certain  new  forms  of  joints  were  also  under  test  in  this  track.  In 
one  case  the  rail  was  scarfed  and  two  keys  were  inserted  to  prevent 
the  wave  action  of  the  track  from  raising  one  side  of  the  scarf  with 
reference  to  the  other.  These  keys  were  10  millimeters  in  diameter  and 
50  centimeters  long.  It  cost  20  marks  per  rail  to  scarf  the  joint  and 
three  marks  for  channeling  the  opening  for  the  key.  There  was  no  indi- 
cation of  a  blow  when  the  trains  passed  over  this  form  of  joint,  which 


TIES.  263 

had  been  in  for  a^/z  years.  Ordinary  scarf  joints  were  bad  in  two  years 
in  this  track. 

Another  form  of  joint  was  made  by  bridging  over  between  the 
ties,  but  this  was  not  successful  in  the  opinion  of  the  Geheimrat. 

It  was  quite  noticeable  on  this  track  that  with  the  hook  plate  and 
clip  there  was  a  large  amount  of  motion  of  the  rail  on  the  tie  plate. 
Over  this  line  passed   11,000  axles  per  day. 

At  the  office  of  Hulsberg  &  Co.,  I  saw  a  creosoted  pine  tie,  pre- 
served with  zinc  chloride  and  creosote  that  had  been  eight  years  in  the 
line  between  Nurnberg  and  Lindau.  The  ties  were  doweled  with  beech 
dowels.  The  holes  were  sharp  and  round  and  little  but  ordinary  com- 
pression visible. 

There  were  also  two  creosoted  pine  ties  which  were  put  in  the  line 
of  the  P.  L.  &  N.  Ry.  in  1887  and  taken  out  in  1895,  for  doweling, 
eight  dowels  per  tie,  on  account  of  the  holes  for  the  screw  spikes  having 
been  somewhat  enlarged.  They  were  then  put  back  in  the  track  to  the 
number  of  250,  and  were  taken  out  for  examination  in  1907,  after  eight 
years  of  original  service  and  twelve  years  of  doweled  service,  or  twenty 
years  in  all.  My  observation  of  these  ties  showed  that  there  was  no  evi- 
dence of  wear  or  compression  of  the  tie,  and  the  holes  in  the  dowels 
were  sharp  and  perfect. 

The  dowels  are  made  from  young  beech  trees  3  to  4  in.  in  diameter, 
called  white  beech.  The  botanical  species  was  stated  by  Mr.  Kukuck 
of  Hulsberg  &  Co.  to  be  Carpinus  Betulus,  the  ordinary  beech  being 
Fagus   Silvatica. 

VISIT    TO    ROTTING    PIT    AT    STENDAL,    NEAR    BERLIN,    GERMANY. 

This  rotting  pit  occupies  a  small  brick  building,  the  upper  story  of 
which  is  devoted  to  a  museum  for  various  kinds  of  wood  and  peculiari- 
ties of  interest.  Below  is  a  three-chambered  rotting  pit.  The  first  cham- 
ber is  about  8  ft.  x  8  ft.  in  floor  area,  kept  at  a  temperature  from  17  to 
20  degrees  Centigrade  for  the  cultivation  of  fungus ;  the  second  cham- 
ber is  about  6  ft.  x  12  ft.  by  10  ft.  high  for  rotting  experiments.  The 
samples  are  exposed  in  galvanized  iron  boxes  with  covers. 

The  bottom  of  the  box  contains  some  garden  mold  with  the  pieces 
under  test  half  buried  and  on  top  of  this  another  piece  of  wood  which 
has  been  infected  with  the  fungus.  The  sides  of  the  chamber  are  con- 
crete, and  on  the  upper  part  are  corrugated  forming  channels  for  water  to 
keep  the  air  moist. 

There  is  no  ventilation  in  the  chamber.  The  third  chamber  is  also 
a  rotting  chamber,  somewhat  smaller  than  the  second.  Here  specimens  of 
wood  are  nailed  to  boards  and  exposed  in  comparison  with  one  another 
to  the  action  of  infecting  fungus. 

The  fungi  being  used  are  (1)  merulius  lacrymans  (house  fungus), 
(2)  polyparus  vaporarium  (forest  fungi).  The  investigations  under  way 
and  the  results  obtained  are,  of  course,  in  the  interest  of  the  company, 
and  have  not  yet  been  made  available  for  public  distribution.  One  or 
two  things,  however,  were  shown  to  me. 

It  is  evident  that  in  this  rotting  pit  the  accelerated  test  may  be 
made  of  the  resistance  of  wood  to  the  attack  of  fungus.  For  instance, 
the  heart  wood  of  the  Baltic  pine  lasts  but  a  little  longer  than  six 
months  in  a  rotting  pit,  while  ordinary  sapwood  is  entirely  decayed  in 
nearly  two  months.  A  piece  of  sapwood  treated  bv  the  Rueping  process 
was  not  at   all   attacked   after   18  months'   exposure. 

In  the  third  chamber  endeavor  was  made  to  determine  which  con- 
stituent of  creosote  was  effective  in  preserving  wood  and  how  much 
was  necessary.  .  To  do  this,  pieces  of  pine  were  treated  with  a  solu- 
tion of  (a)  anthracene  oil  in  ether,  and  (b)  ordinary  creosote  in  ether. 
Both    solutions   were    forced   in   the   specimens   to   refusal,    which   would 
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amount  to,  perhaps,  40  lbs.  per  cubic  foot.  It  appeared  that  pieces  that 
were  preserved  with  1  per  cent,  of  anthrecene  were  all  good  after  two 
years,  and  with  only  l/2  per  cent,  were  all  rotten.  Pieces  treated  with 
less  than  2  per  cent,  of  a  solution  of  ordinary  creosote  in  ether  were 
rotten.  For  instance,  a  piece  treated  with  1  per  cent,  solution  was  rot- 
ten when  a  piece  with  2  per  cent,  was  not.  In  the  above  it  is  under- 
stood that  the  2  per  cent,  solution  is  a  solution  in  ether,  and  as  much  of 
this  solution  as  could  be  put  in  the  wood  was  forced  therein.  A  2  per 
cent,  solution  of  creosote  would  be  .8  lb.  oer  cubic  foot.  Little,  if  any, 
evaporation  was  involved  here.  The  chemist  in  charge  said  to  me  that 
the  strange  figures  which  are  often  seen  in  birch,  and  especially  in  red 
gum,  are  deposits  put  there  by  the  tree  to  fight  the  attacks  of  fungus,  or 
to  kill  the  fungus  which  is  in  operation.  The  deposit  is  a  resinous  coloring 
matter. 

THE  TREATING  PLANT  AT   STENDAL. 

The  treating  plant  of  the  Rutgerswerke  at  Stendal  has  two  cylinders. 
2  meters  by  17  meters,  treating  some  50,000  cubic  meters  of  wood  per  year, 
working  during  the  day  only.  Russian  Pine  is  treated  from  nine  months 
to  one  year  and  nine  months  after  cutting.  Beech  from  Germany  and 
also  from  the  Hartz  Mountains  is  treated,  the  Rueping  process  being  used. 

While  there  a  run  was  made  of  beech  ties,  weighing  about  250  lbs. 
each  when  treated,  as  follows :  The  ties  are  adzed  by  a  machine,  but 
not  bored.  It  is  to  be  noticed  that  there  is  considerable  drip  after  the 
ties  leave  the  cylinder,  which  continues  up  to  one  day.  About  10  to  15 
per  cent,  of  the  beech  ties  must  be  bolted  through  after  treatment;  all 
of  them  are  ironed  with  an  "S"  iron  to  prevent  splitting.  A  core  was  cut 
from  one  tie  showing  complete  penetration  under  the  Rueping  process. 
These  beech  ties  are  piled  before  treatment  up  to  a  time  of  nine  months, 
but  must  not  be  held  longer.     They  are  piled  solid  after  treatment. 

It  is  to  be  noted  that  a  new  process,  somewhat  different  from  the 
old  Rueping  process,  is  used  for  beech  ties,  as  shown  by  the  cards,  the 
creosote  being  put  on  in  two  stages.  The  theory  is  that  first  applica- 
tion heats  the  wood  and  lubricates  the  passageway  for  second  applica- 
tion of  creosote,  and  by  preventing  the  cooling  also  prevents  the  solidifi- 
cation of  any  naphtaline.  In  this  way  a  thorough  penetration  throughout 
the  beech  can  be  attained. 

(C)  A  SERIES  OF  REFERENCES  IN  CONNECTION  WITH  DISPUTE  AMONG  PRO- 
FESSIONAL GERMAN  RAILROAD  MEN  ON  THE  QUESTION  OF  SUBSTITUTE 
TIES. 

A  series  of  articles  having  their  inception  in  an  editorial,  entitled  "Iron 
Sleepers  and  Wooden  Sleepers,  Their  Relative  Economy,"  but  are  found 
not  to  be  of  sufficient  definite  scope  or  conclusion  to  warrant  inclusion 
in  this  report.  Most,  if  not  all,  of  these  articles  were  published  originally 
in  the  Zeitung  des  Vereins  deutscher  Eisenbahnverwaltungen  and  are  re- 
printed in  the  Bulletins  of  the  International  Railway  Congress.  There- 
fore, reference  only  as  follows  is  made  to  these  articles  as  a  matter  of 
convenience  and  interest  to  the  Association. 

1.  January,  1909,  page  48,  "Iron  Sleepers  and  Wooden  Sleepers,  Their 
Relative  Economy."  Editorial  discussion  in  the  Zeitung  of  an  article 
appearing  in  No.  25  of  the  Zeitung.  The  conclusions,  page  57,  are  o( 
value. 

This  article  consists  chiefly  of  extracts  from  papers  by  Mr.  Haarmann 
and  Mr.  Ernest  Biedermann.  Mr.  Haarmann's  paper  is  written  from  the 
standpoint  of  the  iron  manufacturer  and  presents  comparative  annual 
cost  of  pine  sleeper  vs.  iron  sleepers,  which  are  exceedingly  favorable 
to  the  latter.'  Mr.  Biedermann,  a  maintenance  of  way  inspector,  questions 
the  data  and  method  of  calculation  and  attempts  to  prove  that  Mr. 
Haarmann's   conclusions  are   wrong. 
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2.  October,  1909.  page  1317,  under  Miscellaneous  Information — Xo. 
2,  "Wooden  Sleeper  Superstructures."  An  article  taken  from  the  Zeitung, 
with  editorial  comment. 

3.  July,  1913,  page  573,  "Wooden  Sleepers  or  Iron  Sleepers,"  by  Mr. 
Rectanus,  State  Councillor.    An  article  taken  from  No.  11  of  the  Zeitung. 

This  article  by  Mr.  Rectanus  and  the  discussion  on  it  in  Bulletins 
for  November,  1913,  and  April.  1914,  are  interesting.  Apparently  the 
author  of  the  article  and  his  critics  in  numbers  4,  5,  6  and  7  following 
do  not  agree  on  the  relative  life  of  iron  and  wooden  sleepers.  The 
economy  of  either  depends  on  the  length  of  life  that  is  assumed. 

4.  November,  1913,  page  906,  "Wooden  Sleepers  or  Iron  Sleepers," 
by  Mr.  Waas,  Railway  Track  Inspector  of  Stuttgart.  An  article  taken 
from  No.  26  of  the  Zeitung  and  being  a  discussion  of  Mr.  Rectanus'  arti- 
cle printed  in  the  Bulletin  of  July,  1913,  No.  3.  immediately  above. 

5.  November,  1913,  page  909,  "Wooden  Sleepers  or  Iron  Sleepers," 
by  Mr.  Biedermann.  An  article  taken  from  No.  45  of  the  Zeitung,  and 
being  a  discussion  of  article  No.  11,  by  Mr.  Rectanus.  printed  in  July, 
1913,  No.  3,  mentioned  above,  and  also  discussing  article  No.  26  by  Mr. 
Waas,  printed  in  November,  1913,  No.  4,  mentioned  above. 

6.  April,  1914,  page  337,  "Wooden  Sleepers  or  Iron  Sleepers."  by 
Ed.  Lang,  Member  of  the  Board  of  Works.  Baden.  An  article  taken 
from  the  Zeitung  and  being  a  discussion  of  article  No.  11  by  Mr.  Rec- 
tanus, printed  in  July,  1913,  No.  3,  mentioned  above ;  article  No.  26,  by 
Mr.  Waas.  printed  in  November,  1913.  No.  4,  mentioned  above;  article 
No.  45,  by  Mr.  Biedermann,  printed  in  November,  1913,  No.  5,  men- 
tioned above. 

7.  May,  1914.  page  437.  "The  Question  of  the  Life  of  Iron  and 
Wooden  Sleepers,"  by  Mr.  Biedermann.  An  article  taken  from  the  Zeitung 
and  being  a  discussion  of  the  article  outlined  in  No.  6,  immediately  above. 

8.  May.  1914,  page  445,  "The  Permanent  Way  of  the  Baden  State 
Railway,"  by  Ed.  Lang,  Member  of  the  Board  of  Works,  Baden.  An 
article  taken  from  the  Zeitung  and  being  a  discussion  of  Mr.  Bieder- 
mann's  article,  mentioned  immediately  above,  i.  e.,  No.  7.  May,  1914,  page 
437.  In  a  footnote  the  editor  of  the  Zeitung  states  that  with  this  article 
the  discussion  of  the  subject  is  considered  closed. 

(d)     reference  to  interesting  articles  on  the  use  of  substitute  ttes 
in  foreign  countries — prepared  by  a.  c.  kaestner. 

1.  I.  R.  C.  Bulletin,  September,  1898.— Metallic  Sleepers  on  the 
Netherlands  State  Railway  Company,  by  Ch.  Benson.  A  report  on  the 
testing  of  (Post)  type  XI  metallic  sleepers  laid  for  comparative  pur- 
poses between  1881  and  1898  on  the  Liege-Limburg  line.  See  item  14. 
Engineering  News  article,  in  which  it  is  stated  the  Post  ties  have  been 
removed. 

2.  I.  R.  C.  Bulletin,  March,  1899. — Metallic  Sleepers  on  the  Congo 
Railway  by  Leon  Trouet. 

3.  I.  R.  C.  Bulletin,  May,  1899. — Latest  Standard  Permanent  Way 
on  the  Gothard,  Types  IV  and  IVa. 

4.  I.  R.  C.  Bulletin,  December,  1899. — Steel  Sleepers  on  the  Sumatra 
State   Railway,  by  L.   K.   Lindhout. 

5.  Railroad  Gazette,  page  600,  1901. — Metal  Ties  in  Europe,  by  Fos- 
ter Crowell.  This  subject  is  also  treated  in  the  Engineering  News  of 
June  26,  1913   (see.  No.   14). 

6.  Railroad  Gazette,  December  16.  1904. — Metal  Cross  Ties  in  Aus- 
tria, by  Hermann  von  Schrenk,  Chief  of  the  Forestry  Bureau  of  the 
Agricultural  Department. 

7.  "Ffandbuch  fur  Eisenbetonbau,"  Vol.  Ill,  Page  3. — Sarda  Rein- 
forced Concrete  Tie." 
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8.  "Handbuch  fur  Eisenbetonbau,"  Vol.  Ill,  Part  3. — Bavarian  State 
Railroad  Tie. 

9.  I.  R.  C.  Bulletin.  November,  1909. — Compound  Sleepers  on  the 
Michel  System,  by  Hector  Michel,  giving  the  results  of  seven  years' 
experiment  on  the  Paris-Lyon-Mediterranean  and  Paris-Metropolitan  rail- 
roads. The  compound  sleeper  consists  of  two  shallow  channel  irons, 
back  to  back;  between  their  ends  are  placed  two  blocks  of  parallelopipedon 
shape,  compressed  by  means  of  metal  clips. 

10.  "Beton  u.  Eisen,"  1910,  Page  69  of  Vol.  III. — Jensen  &  Schu- 
macher Reinforced  Concrete  Tie,  Denmark.     (Fig.  13.) 
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Fig.  13.    Jensen  &  Schumacher  Reinforced  Concrete  Tie   (Denmark). 

"These  ties  have  proven  successful  after  three  years'  service  in  pri- 
vate lines  and  two  years'  service  in  state  lines.  The  theory  of  design 
of  this  tie  is  to  have  a  block  under  each  rail  to  take  the  load,  and  a 
tie  between  these  blocks  which  does  not  take  any  load.  Ordinary  or 
screw  spikes  can  be  used." 

11.  Engineering  News,  August  17,  1912. — Standard  Track  Construc- 
tion of  the  Great  Indian  Peninsular  Railway  (India),  using  Cast  Iron 
Ties. 

12.  I.  R.  C.  Bulletin,  February,  1912. — The  Life  of  Wooden  and 
Iron  Transverse  Sleepers,  by  Mr.  Cauer,  Permanent  Way  and  Traffic 
Inspector  of  Germany,  based  on  Mr.  Biedermann's  paper  in  "Organ  fur 
die    Fortschritte    des    Eisenbahnwesens."  ' 


Fig.    14.     Steel  Tie  of  the  Haarmann  Type,    1911   Design    (Prussian 
State  Railways). 
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13.  I.  R.  C.  Bulletin,  September,  1912. — The  Dyckerhoff-Widman 
and  the  Rudolf  Wolle  (German)  reinforced  concrete  tie  in  Germany 
with  comparisons  with  Maciachini's  tie  (Italian).  There  are  three  types 
of  construction  in  this  test: 

(a)  Dyckerhoff  &  Widman — plain  reinforced  concrete. 

(b)  Rudolf  Wolle  Reinforced  Concrete  Tie,  in  which  concrete 
under  rail  seats  is  replaced  by  asbestos  concrete.     (Fig.  17.) 

(c)  The  Italian  Maciachini  Reinforced  Concrete  Tie.  For  further 
report  on  this,  see  item  No.  15.     (Fig.  16.) 

14.  Engineering  News,  June  26,  1913. — Steel  Ties  on  Foreign  Rail- 
ways. Results  of  tests  with  steel  ties  in  Germany,  Switzerland,  Nether- 
lands and  Belgium.  See  illustrations  of  Haarmann  and  Swiss  Govern- 
ment types  of  ties.     (Figs.  14  and  15.) 

A  good  summary  to  date. 
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Fig.  15.    Steel  Tie  of  the  Swiss  Government  Railways  (Standard 

Design). 


15.  I.  R.  C.  Bulletin,  September,  1913. — Recent  results  with  Rein- 
forced Concrete  Sleepers,  by  R.  Bastian,  Chief  Engineer.  Stuttgart. 

"The  Italian  Railway  has  had  some  hundred  thousand  reinforced 
concrete  sleepers  made  and  laid.  As  yet  not  much  reliable  information 
is  available  about  the  behavior  of  these  sleepers  in  actual  practice,  but 
we  may  draw  sundry  conclusions  from  the  different  types  which  have 
been  tried  in  succession  in  Italy. 

Type  I — 1900 :  This  sleeper  is  8  ft.  6^i  in.  long,  7%  in.  wide  and 
5%  in.  deep.  The  reinforcement  consists  of  numerous  round  iron  rods, 
which  are  distributed  through  the  cross-section  in  T  shape.  The  rails 
are  secured  by  means  of  screw  spikes  and  Collet  dowels  (screwed 
bushes).  The  rails  are  placed  on  the  concrete  direct  and  are  given 
a  suitable  inclination  by  giving  the  concrete  surface  a  corresponding 
slope  immediately  under  the  rail. 

Type  II — 1906:  The  sleeper  is  given  an  extra  width,  namely,  9  7-16 
in.,  immediately  under  the  rails.  The  iron  reinforcement  is  placed  near 
the  boundary  of  the  cross-section,  instead  of  the  middle,  and  is  hence 
more  effective  in  resisting  tensile  forces.     The  Collet  dowels  are  replaced 
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by   four-sided  wooden  dowels  of  pyramid  shape.     The  expansive  action 
of  the  wood  is  counteracted  by  coils  of  wire  and  iron   stirrups. 
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Fig.    i6.     Maciachini  Reinforced  Concrete  Tie    (Type  V). 

Type  III  (Maciachini)— See  13c:  The  external  dimensions  are 
unchanged.  The  iron  reinforcement  is  simpler  and  consists  of  a  smaller 
number  of  thicker  iron  rods,  having  approximately  the  same  total  cross- 
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Fig.   17.     "Aspeston"   Reinforced   Concrete  Tie    (Rud.   Wolle,  Leipzig, 

Germany). 
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section.  The  center  of  gravity  of  the  reinforcement  is  again  nearer  the 
boundary  of  the  cross-section.  In  order  to  distribute  the  rail  pressure 
and  in  order  to  give  the  rails  the  necessary  inclination,  iron  sole  plates 
are  used,  which  also  strengthen  the  rail  fastenings.      (iF'ig.  16.) 

Ties  of  the  Italian  State  Railways,  by  Rete  Adriatica. 

"Experiments  since  1900  have  been  made  by  the  Italian  Railway 
on  ties  made  under  a  patent  by  Ansano  Caio. 

"The  cross-section  of  the  tie  is  triangular  except  underneath  the  rail, 
where  it  is  rectangular.  The  reinforcing  consists  of  twenty-eight  .20-in. 
to  .24-in.  round  iron. 

"Rails  are  fastened  by  means  of  screw  spikes,  which  are  held  in 
place  by  hardwood  dowels  set  in  concrete. 

The  weight  of  the  tie  is  286  lbs. ;  costs  $2.25  to  $2.50. 

Experiments  were  made  on  a  large  scale  between  Anconia  and 
Foggia,  a  two-track  road.  As  a  result  of  many  experiments,  a  modified 
tie  was  made  in  1906.  The  position  of  the  reinforcing  rods  was  radically 
changed ;  where  formerly  it  was  located  throughout  the  section,  in  the  new 
type  it  is  placed  only  at  the  top  and  at  the  bottom,  and  is  all  firmly  tied 
together  with  wire." 

16.  I.  R.  C.  Bulletin,  June,  1914,  Page  580 — "The  Sleeper  Question 
in  Russia,"  being  a  reprint  from  the  Zeitung.  This  article  is  of  consider- 
able interest,  not  so  much  for  the  technical  information  as  for  the  in- 
sight into  conditions   in   Russia. 


REPORT  OF  COMMITTEE  XIX— ON  CONSERVATION 
OF  NATURAL  RESOURCES. 

C.  H.  Fisk,  Chairman;  R.  C.  Young,  Vice-Chairman; 

R.  H.  Aishton,  William  McNab, 

Moses  Burpee,  A.  L.  Moorshead, 

F.  F.  Busteed,  Francis   Lee  Stuart, 

A.  L.  Davis,  S.  N.  Williams, 

W.  A.  Ham mel.  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

forestry  abroad. 
Your  Committee  refers  to  the  last  two  reports,  particularly  the  191 5 
report,  showing  success  of  the  Illinois  Central  and  other  railways  in  prac- 
tical forestry.  On  account  of  the  limited  time  elapsed  since  previous  data 
were  secured,  it  has  not  been  thought  necessary  to  attempt  similar  railway- 
data  for  the  present  year.  However,  the  success  of  France  in  forestry 
deserves  notice  as  showing  what  has  been  done  under  unfavorable  condi- 
tions and  that  the  work  should  be  managed  by  the  government,  as  it  deals 
with  long-time  periods  and  requires  much  capital.  Dr.  B.  Fernow's 
Canadian  report  deserves  credit  for  information  furnished.  During  the 
first  half  of  the  nineteenth  century  up  to  1865  the  French  Forestry  De- 
partment planted  200,000  acres  of  sand  dunes  and  placed  them  under  man- 
agement at  a  total  expense  of  $2,700,000,  or  $13.50  per  acre.  About  half 
was  ceded  to  municipalities  and  private  owners  for  $2,745,000,  repaying 
the  outlay,  and  the  remaining  125,000  acres  are  valued  at  $10,000,000.  In 
1901  the  first  cutting  was  made,  yielding  $92  per  acre  from  a  property 
rUat  cost  nothing.  Improvement  by  ditching  and  planting  of  nearly 
2,000,000  acres  adjoining  was  begun  in  1837  by  private  interests,  who  by 
1857  had  reclaimed  50,000  acres.  The  government  then  began  building 
roads,  railways  and  drainage  systems,  furnishing  plans  free  and  assisting 
municipalities  in  reclaiming  land.  It  bought  390,000  acres  of  land  to 
enable  them  to  accomplish  the  improvements.  This  once  poverty-stricken 
district,  which  a  century  ago  was  hardly  inhabited,  in  1907  was  traversed 
by  the  densest  net  of  railways  in  France  at  an  expenditure  of  $10,500,000 
or  $6.50  per  acre.  One  million  six  hundred  thousand  acres  were  reclaimed, 
85  per  cent,  in  forest,  of  which  the  state  owns  somewhat  over  100,000 
acres,  municipalities  185,000  acres  and  private  owners  the  bulk  of  1,500,000 
acres.  In  1898  the  value  of  these  holdings,  made  from  nothing,  was  esti- 
mated at  over  $96,000,000.  In  1892  the  average  net  yield  was  $2.40  per 
acre  and  has  since  been  rising,  so  that  now  an  annual  income  of  $8,000,000 
is  the  result  from  an  expenditure  of  $10,000,000.  Another  region  of  ex- 
tensive waste-land  planting  is  that  of  the  Sologne  near  Orleans,  a  sandy, 
poorly-drained  plain  on  an  impermeable,  calcareous  sub-soil,  which  causes 
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swamps.  This  was  once  densely  wooded,  but  by  the  end  of  the  eighteenth 
century  about  1,250,000  acres  had  been  devastated  and  abandoned.  Pri- 
vate interests  began  its  reclamation  and  200,000  acres  were  planted  at  an 
expense  of  $5  an  acre.  An  estimate  of  the  value  of  these  plantations 
places  it  at  $18,000,000,  so  the  lands  which  50  years  ago  could  hardly  be  sold 
at  $4  per  acre,  now  bring  over  $3  an  acre  as  their  annual  revenue.  The 
fourth  district  lies  on  the  arid  wastes  in  the  Province  of  Champagne. 
Here  since  1830  over  200,000  acres  were  planted  and  prepared  at  a  cost  of 
less  than  $10  per  acre.  The  present  stumpage  value  is  placed  at  from  $50 
to  $100  per  acre,  and  yields  $2  per  acre  revenue.  This  property  is  esti- 
mated at  $10,000,000.  France  lias  therefore  2,000,000  acres  recuperated  at 
an  expenditure  of  less  than  $15,000,000,  now  representing  a  capital  of  $135,- 
000,000,  Qir  nine  times  the  outlay,  and  an  income  of  about  $10,000,000 
annually,  or  seven  per  cent,  on  the  valuation. 

RESULTS    SECURED    IN    THE    UNITED    STATES. 

Similar  success  has  followed  forest  planting  on  the  sand  hills  of 
Nebraska.  Jack  pines  planted  by  the  United  States  Government  Forest 
Service  ten  years  since  now  have  a  height  of  15  feet  and  a  diameter  of 
over  4  inches.  Forbach,  Germany,  is  said  to  have  the  most  profitable 
town  forest  known,  as  it  yields  an  annual  net  gain  of  $12.14  per  acre. 
The  U.  S.  Forest  Service  shows  that  on  third-quality  soil,  50,000  feet 
B.  M.  per  acre  of  white  pine  can  be  grown  in  80  years,  and  one-half  more 
on  best  quality  soil,  while  stumpage  values  actually  obtained  for  inferior  sec- 
ond growth  average  $280  per  acre  for  70-year-old  wood,  while  raising  the 
crop  including  all  items  of  expense  averages  $140  per  acre,  leaving  a 
net  return  of  $140  from  land  valued  at  $5  per  acre.  Even  35  to  40-year-old 
wood  can  be  profitably  marketed. 

PROGRESS  IN  CANADA. 

H.  R.  MacMillan,  Chief  Forester  in  British  Columbia,  reports  that 
about  69  per  cent,  of  the  area  of  Canada  south  of  the  sixtieth  parallel  is* 
unsuited  for  agriculture,  but  a  large  proportion  is  suitable  for  the  produc- 
tion of  merchantable  timber,  and  forest  products  will  always  be  an  im- 
portant industry,  as  they  furnish  12  per  cent,  of  the  foreign  trade,  16 
per  cent,  of  the  railway  traffic  and  equals  in  value  the  annual  wheat 
crop. 

The  future  forest  industries,  which  are  almost  the  only  ones  possible 
in  three-fifths  of  eastern  Canada,  must  be  supported  by  the  timber  grown 
on  the  logged-  and  burned-over  non-agricultural  land.  Care  of  the  young 
forest  on  these  is  not  only  a  duty  to  posterity,  but  an  insurance  of  timber 
industries  affecting  Canada's  prosperity. 

The  one  great  obstacle  in  the  way  of  proper  preservation  of  young 
forest  growth,  as  well  as  of  mature  timber,  is  the  annual  recurrence  of 
forest  fires.  Unfortunately,  efforts  at  fire  protection  are  confined  largely 
to  merchantable  timber,  throughout  a  large  percentage  of  the  area  of 
Canada,  leaving  great  bodies  of  yiung  forest  growth  to  be  destroyed  each 
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year.  However,  distinct  progress  can  be  reported  in  some  directions. 
Under  the  regulations  of  the  Railway  Commission,  the  railways  of  Canada 
appear  now  to  be  only  a  minor  source  of  damage  from  forest  fires.  Set- 
tlers, sportsmen  and  tramps  are  reported  as  being  responsible  for  much 
damage,  due  largely  to  carelessness.  In  some  of  the  provinces,  progress 
has  been  made  toward  regulating  the  setting  out  of  settlers'  fires,  by  the 
issuance  of  permits  at  safe  times.  The  extension  of  this  plan  is  to  be 
anticipated.  The  merit  system  of  appointments  in  .fire-ranging  services  has 
been  agitated  for  years,  but  has  not  yet  been  made  effective.  In  Quebec, 
the  St.  Maurice  and  Lower  Ottawa  Forest  Protective  Associations  have 
demonstrated  conclusively  the  value  of  co-operative  effort  in  forest-fire 
protection.  These  two  associations  protect  an  area  of  sixteen  million 
acres  of  land,  more  or  less  timbered.  The  fire-rangers  employed  by  the 
associations  are  selected  on  the  basis  of  merit  and  their  work  is  closely 
supervised  by  competent  inspectors.  The  necessary  funds  are  contributed 
by  timber  owners  in  proportion  to  the  acreage  owned  or  controlled  by 
each.  The  further  extension  of  the  co-operative  idea  in  forest  fire 
protection  is  being  agitated  by  some  of  the  more  progressive  limit-holders. 

REFORESTATION    IN    THE    UNITED    STATES 

The  U.  S.  Forest  Service  reports  there  are  250,000,000  acres  of  forest 
"area  on  which  there  is  sufficient  natural  reproduction  to  insure  a  fair  sec- 
ond crop.  No  reforestation  on  a  large  scale  will  be  undertaken  by  private 
capital,  but  the  government  will  take  steps  to  insure  a  continuous  supply 
of  timber  sufficient  for  the  country's  need.  The  estimated  annual  produc- 
tion of  wood  in  the  Linked  States  is  only  12  cubic  feet  an  acre,  while  in 
Saxony,  where  forestry  has  been  practiced  for  years,  it  is  93  cubic  feet 
per  acre,  hence  the  necessity  for  practice  of  scientific  methods  which 
would  yield  enough  wood  for  the  per  capita  consumption  of  150  cubic 
feet  by  150,000,000  people. 

LOSSES   BY   FIRK. 

The  U.  S.  Forest  Service  reports  that  an  average  of  10,000,000  acres 
is  annually  burned  over,  causing  a  loss  of  $25,000,000.  These  fires  destroy 
the  soil  covering  in  a  forest,  causing  rapid  runoff  on  steep  slopes  and  the 
erosion  and  irregularity  of  stream  flow  with  loss  of  navigability,  hence 
the  necessity  of  continued  state  and  national  co-operation  to  secure  pro- 
tection from  forest  fires,  which  destroy  annually  12,000,000  board  feet  of 
timber.  It  is  stated  that  Nature  has  taken  10,000  years  to  form  a  foot  of 
soil,  hence  waste  should  be  avoided  by  proper  drainage. 

DEPLETION  OF  NATURAL  RESOURCES. 

Leonard  Lundgren,  of  the  Xf.  S.  Forest  Service,  estimates  that  the 
forests  have  been  reduced  from  800,000,000  acres  to  550,000,000  acres  and 
5,200  billion  board  feet  of  lumber  to  2,900  billion  feet.  The  annual  cut 
of  saw  timber  is  estimated  at  43  billion  board  feet,  and  the  present  tim- 
ber supply  would  last  about  65  years  without  renewal,  but  as  the  annual 
consumption  is  three  times   as   great  as  the  annual   growth,  the   forests 
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are  being  harvested  three  times  as  fast  as  they  grow,  and  this  com- 
pels economy  in  the  use  of  wood.  Forty  cubic  feet  of  wood  per  acre 
are  used,  and  only  twelve  cubic  feet  is  produced  by  the  natural  growth. 
We  use  260  feet  per  capita,  while  Germany  uses  only  37  feet,  France  25, 
Great  Britain  14.  Dr.  Swain  estimates  the  total  waste  of  mineral  prod- 
ucts at  one  million  dollars  daily,  or  more  than  one-sixth  of  the  produc- 
tion, besides  the  waste  of  lives.  Dr.  Douglas  estimates  that  only  60  per 
cent,  of  the  hundreds  of  millions  of  dollars  yielded  by  the  Comstock  lode 
were  recovered  at  the  time,  and  at  first  the  enormously  rich  tailings  were 
not  even  collected.  The  deplorable  feature  of  this  waste  is  its  perma- 
nent loss  to  national  resources.  At  present  rate  of  consumption  the 
known  supply  of  high-grade  iron  ores  will  be  practically  exhausted 
by  the  middle  of  the  present  century  and  phosphate  rock  supplies 
in  twenty-five  years.  Natural  gas  has  been  known  to  waste  at  one 
time  sufficient  to  light  all  the  cities  in  the  United  States  having  a  popula- 
tion over  100,000.  At  present  rate  of  use,  all  known  supplies  will  soon 
be  exhausted.  The  oil  supply  will  be  exhausted  before  1950.  By  un- 
economical mining  and  extracting  only  high-grade  material,  or  allowing 
mines  to  cave  in,  a  large  per  cent,  of  coal  is  wasted,  hence  the  easily 
accessible  and  available  supply  will  be  exhausted  by  the  middle  of  the  next 
century.  In  any  period  of  ten  years  the  production  of  coal  and  its  con- 
sumption equals  the  total  production  up  to  the  beginning  of  that  period.* 

ANTIQUATED    COKING    METHODS. 

Millions  of  dollars'  worth  of  by-products  from  coke  production  are 
literally  thrown  away  annually  in  the  United  States  through  the  continued 
use  of  the  obsolete  beehive-oven  process,  according  to  reports  of  the 
United  States  Geological  Survey.  The  loss  by  that  method  last  year  is 
estimated  at  $40,000,000.  In  1914  the  total  output  of  coke  was  34,555,914 
short  tons,  valued  at  $88,334,217.  Of  this  output,  23,335,971  tons  were 
made  in  beehive  ovens  with  an  almost  total  loss  of  the  by-products — tar, 
ammonia,  gas,  benzol — and  11,219,943  short  tons  were  produced  in  modern 
type  ovens  with  a  recovery  of  over  $17,500,000  worth  of  by-products. 

HYDRO-ELECTRIC  POWER. 

Conserve  fuel  as  we  will,  fuel  supplies  are  absolutely  limited  in 
quantity,  which  makes  a  serious  problem  if  we  depend  entirely  upon  steam 
for  power.  Any  power  development,  not  dependent  on  a  decreasing  natu- 
ral resource,  must  become  increasingly  valuable.  The  electric  age  requires 
cheap  power  to  maintain  its  growth,  so  as  water  will  always  be  raised 
by  the  sun,  precipitated  on  the  land  and  descend  into  the  ocean ;  this  gives 
the  needed  source  of  energy,  70,000,000,000,000  cubic  feet  of  water  run  off  to 
the  sea  annually,  enough  to  generate  250.000  H.P.  for  every  foot  of  fall 
between  the  place  of  precipitation  and  the  ocean.  By  various  estimates 
the  commercial  developable  power  is  about  37,000,000  H.P.,  of  which  30,- 


*Dr.  G.  F.  Swain's  Yale  University  Lectures  on  the  Conservation  of  Wa- 
ter, 1914;  page  10.  Also  Henry  Gannett,  U.  S.  Geol.  Sur.  and  Conservation 
of  Resources,   1909. 
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000,000  H.P.  are  wasting,  and  the  ultimate  capacity  of  streams  230,000,000 
H.P.  The  first  requisite  of  power  is  continuity  of  service,  which  means 
constant  supply  of  water.  Of  70,000.000,000,000  cubic  feet  of  water  avail- 
able, only  about  one.-seventh  of  one  per  cent,  is  used  for  all  water 
supply,  two  per  cent,  for  irrigation,  five  per  cent,  for  navigation ; 
1,500,000  H.P.  at  the  government  dams  are  wasted  in  navigation,  while 
90  per  cent,  of  the  water  flows  away  unused  and  does  flood  damage. 
Water  power  not  utilized  is  constantly  wasting  with  no  good  results  to 
anyone,  and  its  utilization  means  a  saving  of  a  corresponding  amount  of 
non-  or  slowly-renewable  resources.  The  use  of  water  power  saves  an 
equivalent  amount  of  coal  in  motive  power  for  railways  or  lighting.  The 
development  of  water  power  also  aids  in  rendering  streams  navigable. 
In  1912  the  Secretary  of  Commerce  and  Labor  estimated  the  total  station- 
ary power  developed  by  water  as  6,000,000  H.P.  and  19.000,000  undeveloped. 
The  present  annual  coal  consumption  is  over  500,000.000  tons,  and  at  the 
present  rate  of  increase  the  anthracite  coal  deposits  will  be  exhausted  by 
the  end  of  the  present  century  (Gannett).  The  bituminous  supply  will 
last  indefinitely.  If  we  could  utilize  the  available  19,000,000  H.P. 
instead  of  coal,  we  would  save  95,000,000  tons  of  coal,  which  at  three 
dollars  per  ton  equals  $285,000,000.  Every  H.P.  developed  by  water  and 
used  to  replace  steam  saves  fifteen  dollars'  worth  of  coal  yearly.  One 
H.P.  a  year  requires  five  tons  of  coal.  If  5,000,000  H.P.  could  be 
developed  by  water,  it  would  mean  an  annual  saving  of  $75,000,000  in  cost 
of  coal  alone.  In  an  ordinary  steam  power  plant  less  than  ten  per  cent,  of 
the  theoretical  energy  of  the  coal  is  utilized  and  in  lighting  plants  less 
than  one  per  cent,  of  the  energy  of  the  coal  is  utilized  in  light. 

The  value  of  the  wasted  water  powers  in  New  York  State  has  been 
estimated  at  $15,000,000  annually.  The  development  and  use  of  less  than 
25  per  cent,  of  California's  available  water  powers  would  stop  all  wood,  oil 
and  coal-burning  for  power  purposes  in  that  State.  The  same  is  true  for 
nearly  all  of  the  Western  States,  also  many  of  the  Eastern  and  South- 
ern States.  If  all  the  water  powers  could  be  developed  and  their  output 
substituted  for  steam,  the  available  coal  supply  could  be  husbanded  and 
used   for  other  purposes,    for  which   there  is   no   other  equal   substitute. 

Water  power  developments  have  been  enormous,  but  have  not  kept 
pace  with  the  demand  for  electric  current.  During  all  this  time  mil- 
lions of  H.P.  have  been  going  to  waste  in  the  streams  of  the  United 
States.  Seventy-two  million  tons  of  coal  are  annually  consumed  in  steam 
power.  The  undeveloped  water  powers  are  estimated  from  30,000,000  to 
50.000,000  H.P.,  which  are  now  lost  in  the  industrial  effort  of  steam. 
This  emphasizes  the  necessity  for  water  power  development  in  making 
provision  for  future  power  demand. 

Use  of  water  power  to  furnish  motive  power  for  railways  saves  an 
equivalent  amount  of  coal.  Its  conservation  is  then  a  double  conservation 
as  it  involves  a  non-renewable  resource  of  a  strictly  limited  supply,  and 
this  is  of  greater  importance  than  that  of  any  other  of  our  material 
resources ;  if  not  used,  water  power  is  continually  wasting  with  no  good 
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results,  and  as  the  power  is  perpetual,  a  free  gift  from  the  Creator  to 
man,  its  use  saves  a  similar  amount  of  one  of  the  non-renewable  or 
slowly  renewable  resources.  Other  resources,  if  not  utilized,  are  in 
general  stored  and  preserved  for  the  use  of  future  generations. 

In  Canada,  in  1914,  the  total  water-power  developed  was  approximately 
1,500,000  H.P.  Assuming  that  under  average  conditions  1  horsepower  hour 
can  be  produced  in  a  steam  plant  from  three  pounds  of  coal,  this  amount, 
calculated  on  a  12-hour  basis  and  taking  a  load  factor  of  50  per  cent., 
which  is  a  conservative  allowance,  represents  a  saving.of  4,050,000*  tons  of 
coal  per  year.  As  the  total  output  of  coal  in  Canada  for  the  same  year 
amounted  to  13.637, 529!  tons,  the  amount  saved  by  water-power  repre- 
sents less  than  one-third  of  this,  while  the  greater  portion  of  it  could  be 
replaced  by  the  unutilized  water-power  which  is  now  running  to  waste. 

RESULTS    OF    ELECTRICAL    OPERATION    IN    THE    NORTHWEST. 

The  Butte,  Anaconda  &  Pacific  Railway  is  an  illustration  of  the 
value  of  hydro-electric  power  in  economy  of  operation,  the  total  saving 
from  steam  locomotive  performance  being  estimated  at  $237,581  an- 
nually, and  of  trainmen's  wages  at  $31,146,  or  a  total  of  $268,727.  The 
electric  locomotives  are  much  easier  on  track  on  curves,  but  not  on 
tangents,  and  are  better  adapted  to  the  heavy  mountain  divisions.  It 
operates  114  miles  of  single  track,  including  main-line  sidings  and  yards, 
uses  2,400-volt,  direct-current  locomotives,  the  largest  installation  in  the 
world  using  such  locomotives.  Fifteen  are  used,  weighing  75  tons,  haul- 
ing ore  trains  and  run  in  groups  of  two  hauling  trains  against  a  ruling 
grade  of  three  per  cent,  in  the  prevailing  direction  of  traffic.  These 
replace  28  steam  and  two  passenger  specials  for  the  regular  passenger 
trains.  The  freight  locomotives  have  a  free  running  speed  of  35  miles 
per  hour,  the  two  passenger  locomotives  haul  three  loaded  coaches  at 
45  miles  per  hour.  The  freight  locomotives  have  a  tractive  effort  of 
25,000  pounds  at  15  miles  per  hour  against  the  ruling  grade  and  21 
miles  per  hour  on  level  track.  Power  is  furnished  from  several  power 
plants  of  the  Great  Falls  Power  Company,  125  miles  distant.  The 
traffic  is  five  million  tons  of  freight  per  year,  trains  consisting  of  fifty 
loaded  steel  ore  cars  of  3.400  tons  on  a  grade  of  three  per  cent.  Loco- 
motives of  two-unit  capacity  are  used  in  rougher  country,  where  the  cur- 
rent is  stepped  up  from  2,400  volts  to  102,000  volts.  The  transmission 
is  to  Butte,  130  miles,  on  two  separate  parallel  lines. 

Electric  locomotives  can  successfully  replace  the  heaviest  type  of 
steam  engine  on  mountain  grade  divisions  of  main  steam  roads  if  the 
daily  tonnage  is  sufficiently  heavy  to  justify  the  first  cost  of  electrifica- 
tion. They  are  better  adapted  to  the  rigorous  requirements  of  heavy 
mountain  grade  divisions. 

The  locomotives  of  2,200  H.P.,  weight  150  tons,  in  continuous 
operation,   move   up   the   ruling  grades   at   twice   the   speed   of   steam   and 


*Short  tons  and  assuming  300  working  days  in  the  year. 
tShort  tons. 
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control  on  the  down  grades  by  the  electric  brake.  In  the  far  Western 
mountain  districts,  where  fuel  of  low  grade  and  water  power  is  near 
at  hand,  as  in  the  Denver  and  Rio  Grande  District,  and  in  rapid  transit 
commuter  service  near  densely  populated  districts,  and  in  sparsely  settled 
mountain  districts,  the  electric  power  service  gives  increased  track  ca- 
pacity, which  is  very  important,  and  electric  power  is  the  cheapest 
means  of  getting  it. 

The  Chicago,  Milwaukee  &  St.  Paul  Railway  has  recently  made 
elaborate  tests  on  its  Edmont  grade  of  1.66  per  cent,  over  the  Rocky 
Mountains  east  of  Butte,  to  show  the  tonnage  its  electric  locomotives 
would  haul  and  the  application  of  regenerative  braking.  Two  electric 
locomotives  pulled  a  trailing  load  of  48  cars,  3,000  tons,  over  the  range 
at  a  speed  of  16  miles  per  hour.  A  steam  train  of  37  cars,  2.100  tons, 
followed,  drawn  by  two  of  the  heaviest  road  engines  and  a  Mallet 
pusher  at  a  speed  of  9  miles  per  hour.  The  greater  ease  with  which 
the  electric  locomotives  pulled  the  heavier  load  stopping  on  the  grade 
then  gathering  speed  gave  great  satisfaction  to  the  officials.  The  new 
locomotives  pull  a  load  thirty-eight  per  cent,  heavier  than  those  now 
pulled  between  Butte  and  Anaconda,  freight  engines  being  geared  to 
a  maximum  of  3s  M.  P.  H.,  while  passenger  engines  will  be  expected  to 
make  65  M.  P.  H. ;  113  miles  of  the  proposed  440.5  miles  of  main 
track  and  141  miles  of  side  and  yard  tracks  to  be  electrified  have 
been  completed,  and  work  will  continue  at  rate  of  100  miles  per  year 
until  finished.  Power  is  furnished  from  the  Montana  power  companies' 
hydro-electric  plants  at  Great  Falls  and  Thomson  Falls,  Mont.,  the 
power  plants  having  a  capacity  of  244,000  H.P..  while  large  storage  reser- 
voirs insure  an  ample  continuous  supply  of  power,  which  is  brought  as 
100,000  volts,  three-phase,  60-cycle,  alternating  current,  at  a  cost  .536 
cents  per  K.  W.  hour,  based  on  a  60  per  cent,  load  factor.  The  cost 
of  operation  is  reduced  40  per  cent,  on  four  entire  engine  districts, 
giving  opportunity  for  full  development  of  economies  in  yard  as  well 
as  line  operation  and  for  working  out  methods  of  electrical  operation. 
Surplus  energy  not  needed  on  trains  on  descending  grades  is  returned 
to  the  line  for  further  use.  giving  safety  on  heavy  grades  and  pre- 
venting excessive  wear  on  brakes  and  shoes.  The  passenger  locomotives 
will  haul  800  tons  on  grades  up  to  2  per  cent.,  and  maintain  the  present 
schedule  with  650  tons  from  30  miles  to  60  miles  per  hour,  and  freight 
locomotives  2,500  tons  on  one  per  cent,  grade,  at  16.8  miles  per  hour, 
using  two  locomotives  where  necessary. 

On  account  of  the  war  in  Europe,  the  Conservation  Association  of 
the  United  States  has  done  no  active  work  for  two  years,  while  both 
Federal  and  State  Conservation  work  has  been  suspended,  so  that  no 
progress  report  of  work  done  by  other  Conservation  Associations  can 
be  given. 

CONCLUSION. 

The  Committee  offers  the  above  as  a  progress  report  and  requests 
that    it    be    received    as    information. 
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NEXT  YEAR'S  WORK. 

Your  Committee  recommends  continuing  the  study  of  the  relation  of 
railways  to  the  different  conservation  projects,  reviewing  work  done  by 
each  up  to  the  present  time,  and  to  recommend  such  policies  as  may 
appear  desirable  for  railways  to  follow. 

Respectfully  submitted, 
COMMITTEE  ON  CONSERVATION  OF  NATURAL  RESOURCES. 


REPORT  OF  COMMITTEE   XIV— ON  YARDS  AND 
TERMINALS. 

E.  B.  Temple,  Chairman;  B.  H.  Mann,  Vice-Chairman; 

W.  G.  Arn,  H.  A.  Lane, 

H.  Baldwin,  A.  Montzheimer, 

G.  H.  Burgess,  H.  J.  Pfeifek, 

A.  E.  Clift,  S.  S.  Roberts. 

L.  G.  Curtis,  C.  H.  Spencer, 

H.  T.  Douglas,  Jr.,  E.  E.  R.  Tratman, 

A.  C.  Everham,  E.  P.  Weatherly, 

R.   Ferriday,  W.  L.  Webb, 

G.  H.   Herrold,  C.  C.  Wentworth   (deceased),, 

D.  B.  Johnston,  J.  G.  Wishart, 

Committee. 
To  the  Members  of  the  American  Railway  Engineering  Association: 

The  Committee  on  Yards  and  Terminals  begs  to  submit  the  following 
as  its  seventeenth  annual  report : 

The  Board  of  Direction  outlined  the  work  of  your  Committee  for 
1915,  as  follows : 

(/)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  rcconunendations  for  changes. 

(.?)  Report  on  handling  of  freight  in  double-deck  freight  houses 
and  cost  of  operation. 

(3)  Continue  study  of  typical  situation  plans  of  passenger  stations 
and  approaches  and  methods  of  operating  same. 

(4)  Continue  the  study  of  classification  yards. 

(5)  Continue  study  and,  if  possible,  make  report  on   track  scales. 
A   general   meeting  of  the   Committee   was  held    in    Philadelphia   on 

October  27th  and  28th,  and  the  reports  of  the  Sub-Committees  appointed 
to  consider  and  collect  information  pertaining  to  the  respective  subjects 
were  carefully  considered. 

REVISION  OF  MANUAL. 

The  section  of  the  Manual  applicable  to  Yards  and  Terminals  was 
discussed  very  fully  in  our  work  for  1914,  and  the  recommendations  in- 
volving a  new  definition  or  a  change  in  principle  of  an  old  definition 
appear  in  the  Bulletin  for  February,  191 5,  Vol.  16.  No.  174,  pp.  958  and  959. 
These  suggestions  were  reviewed  this  year,  and,  except  to  add  the  follow- 
ing definition  of  a  "Holding  Yard,"  no  further  modifications  are  deemed 
necessary  for  the  present. 
"Holding  Yard." — A  convenient  relief  yard  for  holding  cars  or  trains  for 

immediate  use. 
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HANDLING  OF  FREIGHT  IN  DOUBLE-DECK  FREIGHT  HOUSES 
AND  COST  OF  OPERATION. 

The  Sub-Committee  having  this  subject  in  charge  is  collecting  in- 
formation and  making  studies,  but  will  not  be  ready  to  submit  its  re- 
port until  some  time  in  1916. 

It  has  been  suggested  that  consideration  be  also  given  to  a  kindred 
subject,  which  has  recently  been  brought  to  the  attention  of  some  of  the 
members  of  your  Committee,  i.  e.,  the  Advisability  of  Constructing  and 
Operating  Storage  Warehouses  in  Large  Cities  in  Connection  with  In- 
bound Houses.  A  number  of  railroad  companies  have  built  and  are  now 
building  some  structures  of  this  kind,  and  the  subject  is  an  interesting- 
one.  We  are  somewhat  in  doubt  as  to  whether  it  comes  under  the  juris- 
diction of  this  Committee  or  of  the  Committee  on  Buildings,  but  either 
one  or  the  other,  as  the  Board  of  Direction  may  specify,  might  consider 
it  with  advantage  to  the  Association. 

TYPICAL  SITUATION  PLANS  OF  PASSENGER  STATIONS  AND 
APPROACHES  AND  METHODS  OF  OPERATING  SAME. 

Three  methods  for  studying  the  working  capacity  of  station  and  ap- 
proach tracks  were  referred  to  in  our  report  for  1912,  which  has  been 
published  in  the  Bulletin  for  February,  1913,  Vol.  14,  No.  154,  and  our 
work  during  the  current  year  pertaining  to  passenger  stations  has  been 
devoted  principally  to  an  observation  of  the  results  obtained  by  the  use 
of  two  of  the  methods  then  discussed,  viz.,  that  used  by  the  Pennsyl- 
vania Railroad  Company  in  analyzing  the  capacity  of  Broad  Street  Sta- 
tion in  Philadelphia,  and  the  Co-ordinate  Train  Diagram  and  Track- 
Occupancy  Diagram. 

In  1910  and  191 1  the  track  layout  of  the  station  and  approaches  at 
Broad  Street  Station,  Philadelphia,  of  the  Pennsylvania  Railroad  Com- 
pany, were  seriously  congested  by  the  movement  of  traffic,  particularly 
during  certain  hours  of  the  morning  and  evening,  and  a  Board  of  Engi- 
neers and  a  Transportation  Committee  appointed  to  study  the  situation 
devised  a  method  of  showing  graphically  the  actual  occupation  of  the 
tracks  during  the  peak-load  periods,  also  the  measure  of  relief  that  would 
be  afforded  by  the  adoption  of  the  multiple-unit  system  of  electrification. 
One  of  the  lines  within  the  suburban  zone  has  since  been  electrified, 
namel)',  Broad  Street  Station  to  Paoli,  on  the  Main  Line,  a  distance  of 
twenty  (20)  route  miles,  and  electrically-operated  trains  were  put  in 
service  on  September  4th.  The  results  so  far  have  come  up  to  expecta- 
tions and  the  practicability  of  the  charts  that  were  used  in  the  preliminary 
studies  has  been  satisfactorily  demonstrated.  The  Committee,  after  the 
adjournment  of  the  meeting  on  October  28th,  were  taken  over  the  elec- 
trified line  in  an  electric  train  to  inspect  the  new  construction. 

The  Committee's  Co-ordinate  Train  Diagram  and  Track-Occupancy 
Diagram  were  used  at  Kansas  City  just  subsequent  to  the  opening  of  the 
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new  Union  Station  last  year  for  the  purpose  of  scheduling  trains  on  the 
proper  tracks.  The  complete  change  all  at  once  in  the  handling  of  the 
traffic  of  twelve  tenants  in  an  entirely  new  layout  made  it  practicable  to 
use  any  memory  method  for  planning  the  train  and  switching  movements 
in  the  congested  periods,  and  these  diagrams  permitted  a  reasonably  ac- 
curate forecast  to  be  made  of  the  best  schedule  of  accomplishing  the 
loading  and  unloading  of  trains  and  the  transfer  to  and  from  trains,  also 
for  obtaining  the  most  efficient  use  of  the  throat  tracks  during  the  rush 
hours. 

CLASSIFICATION   YARDS. 

Three  classification  yards  were  selected  for  study — two  hump  yards 
and  one  flat  yard. 

Report  is  attached,  giving  details  of  the  cost  and  results  of  operation 
for  the  month  of  August,  1915,  for  the  hump  yards,  and  September,  1915, 
for  the  flat  yard.  In  case  members  of  the  Association  desire  to  make 
further  study  of  these  costs  the  names  of  the  railways  operating  the 
yards  will  be  supplied  by  the  Secretary.  Where  possible,  the  reports 
covering  the  three  yards  are  shown  in  parallel  columns  for  comparative 
purposes  and  additional  information  covering  each  yard  is  also  shown. 

The  Committee  has  conferred  with  a  Committee  of  the  American 
Railway  Electrical  Engineers  in  reference  to  the  question  of  yard  lighting 
and  track  spacing,  and  we  are  endeavoring  to  make  typical  layout  plans 
which  will  permit  of  proper  yard  lighting  without  dangerous  side  or 
overhead  obstructions. 

A  Sub-Committee  has  also  been  working  on  the  proper  grade  over 
track  scales  on  the  hump,  including  the  grade  on  each  side  of  the  scale, 
but  no  definite  conclusions  have  as  yet  been  reached. 

Unit  costs  on  the  operation  of  three  hump  yards  and  three  flat  yards 
are  published  in  this  report  and  that  of  last  year.  Your  Committee  de- 
sires to  get  some  further  data  in  regard  to  the  unit  costs  of  operation  on 
the  car  basis  in  some  small  flat  and  hump  yards,  and  we  will  be  in  posi- 
tion to  draw  some  valuable  conclusions  next  year  from  the  information 
obtained. 

ADDITIONAL     INFORMATION     COVERING     OPERATION     OF 
YARD  "A"   FOR  THE  MONTH   OF  AUGUST,   1915. 

(Plan  of  yard  is  not  published.) 

( 1 )     Capacity  of  Yard  :  Capacity  cars. 

Yard  No.  6: 

Tracks  4,  5,  6  and  7  are  running  tracks,  No.  7  siding  is  used 

as  an  overflow  track.     Total  capacity 80 

Yard  No.  5 : 

This  yard,  east  and  west  of  the  hump,  is  used  as  an  east  and 
west  overflow  yard.     Total  capacity 1200 
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STATEMENT  SHOWING  COMPARISON  OF  OPERATING  COSTS  AND  CONDITIONS 
OF  TWO  HUMP  YARDS  AND  ONE  FLAT  YARD. 


Questions  Asked. 


Yard  "A"  (Hump) 
August,  1915. 


Yard  "B"  (Hump) 
August,  1915. 


Yard  "C"  (Flat) 
September,  1915. 


Percentage    of    south    or 
eastbound  traffic 


(2)  Percentage    of    north    or 
westbound  traffic 


(3)  Character  of  south  or  east- 
bound  loads 


(4)  Character    of    north    or 
westbound  loads 


(5)  Number   of   loaded   ears 

handled  during  month. . 

(6)  Number   of   empty    cars 

handled  during  month . . 
Note — In  making  up 
figures  covering  ques- 
tions 5  and  6  each  car 
was  counted  when  re- 
ceived in  yard  and 
counted  again  when 
leaving  yard. 

(7)  Number  of  cars  weighed 

during  month 


(8)  Maximum  number  of  cars 

handled  during  24  hours 

(9)  Maximum  number  of  cars 

handled  during  any  one 
hour 


92%  loads 
8%  empties 

75%  empties 
25%  loads 


92%  loads 
8%  empties 

75%  empties 
25%  loads 


55%  mineral  freight    55%  mineral  freight 
balance  various  balance  various 


Mixed — various 


Mixed — various 


(10)  Number  and  cost  per  car 

thru  the  yards  consider- 
ing only  cars  that  are 
switched  in  the  yard,  in- 
cluding cost  of  preparing 
cars  for  departure  from 
the  Yard  (Costs  do  not 
include  general  office  or 
administration  expense) . 

(11)  Number  and  cost  per  car 

thru  the  yards,  consider- 
ing only  cars  in  trains 
that  are  not  broken  in 
the  yard  (this  question 
is  intended  to  cover  cars 
received  in  solid  trains' 
which  are  not  broken  up. 
The  total  cars  given  in 
answers  to  questions  5 
and  6  should  be  the  same 
as  to  the  total  oars  given 
in  answer  to  questions  10 
and  11. 


(Both  Yards  Com- 
bined) 
250,686  loads 
170,790  empties 
Delivery  crews  ope 
yards,  industries  a 
roads  handled  to 
points,  a  total  of 
and  empties. 


1700 

Eastbound  (Poling 

Yard)  3146 

Westbound  5478 

Eastbound  (Poling 

Yard)  150 

Westbound  270 

Eastbound  125,002 

cars 
Cost  18.533c  per  car 
Westbound  114.262 

cars 
Cost  17.981c  per  car 


We  handle  all  of  th 
ify  them,  cut  out 
consign"  cars:  and 
handle  them  in  th 
pass  them  around 


rating  between 
nd  other  foreign 
and  from  various 
218,730  mixed  loads 


Eastbound  5382 
Westbound  5188 


Eastbound  264 
Westbound  278 


Eastbound  91,888 

cars 
Cost  12.639c  per  car 
Westbound  90,324 

cars 
Cost  13.193c  per  car 


ese  trains  as  we  class- 
"shop"cars  and  "re- 
find  it  cheaper  to 
is  way  than  to  try  to 
the  yard. 


Loads 


East 

82.9% 


Emp- 
ties 

17.1% 


To- 
tal 


100c"f 


North 

68.1%    31.9%     100% 
West 

54.2%    45.8%     100% 

19.6%  grain— 13%  sand 
and  gravel — 12%  mer- 
chandise— 9.6%  fruit — 
8.6%  lumber— 4.4% 
coal — balance  miscel- 
laneous. 

North— 45.9%  coal- 
29.6%  grain— 4.4% 
lumber — 4.4%  fruit— 
4.2%  cement — balance 
miscellaneous. 

West— 36%  merchan- 
dise—21.8%  coal— 
5.4%  company  mater- 
ial—3.9%  lumber— bal- 
ance miscellaneous. 

78,576  loads 


33,722  empties 


1717 
4509 

209 


112,298  cars 
14.99c  per  car 


No  cars  handled  thru 
the    yard   in    solid 

trains. 
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STATEMENT  SHOWING  COMPARISON  OF  OPERATING  COSTS  AND  CONDITIONS 
OF  TWO  HUMP  YARDS  AND  ONE  FLAT  YARD. 


Questions  Asked. 


Yard  "A"  (Hump) 
August,  1915. 


(12)  Average  number  of  cars!     Eastbound  2.157 
per  cut  in   making  and  cars  per  cut 

breaking  up  trains  in:  Westbound  1.89 
classification  yard  (In:  cars  per  cut 
case  of  hump  yards  give 
average  number  of  cars 
per  cut  passing  over  the 
hump).  To  get  this  in- 
formation divide  total 
number  of  cars  classified 
by  the  number  of  cuts. 

113)   Number  of  engine  hours    "608  engine  hours 
expended  during  month. 

( 14)  Cost  per  engine  hour 

Cost  per  100  Locomotive 
Miles  Run — 

Repairs  to  locomotives 
including  replaced 
locomotives $13.80 

Fuel  yard  locomotives  5.05 

Lubricants  yard  loco- 
motives    .29 

Other  supplies  yard  lo- 
comotives   .29 

Engine  house  expenses  2.72 

Total 22.15 

Average  cost  per  mile  .2215 

Average  cost  per  hour 

(based  on  6  miles  per 

hour) 1  329 


Yard  "B"  (Hump) 
August,  1915. 


Eastbound  2.298 
cars  per  cut 

Westbound  1.89 
cars  per  cut 


4143  engine  hours 


( 15)  Wages  of  all  men  engaged 
in  operation  of  Yard — 
used  in  giving  answers  to 
questions  10  and  11  in- 
cluding the  following: 
Yardmasters  and  Assist- 
ant, Foremen,  Switch- 
men, Engineers,  Fire- 
men,  Switch  Tenders, 
Clerks,  Car  Inspectors, 
Weighmasters,  etc. 

(16)Cost  of  Supplies- 
Air 

Light  (Offices) 

Heat 

Furniture 

Ice  (Yard  Office) 

Water 

Bumper  lamps 

Janitor 

Miscellaneous 

Light  for  Yards 

Total 


(17)  State    if    company    pur- 

chases or  generates  cur- 
rent for  light  and  power 

(18)  Give   estimated   cost   of 

duplicating  yard  exclus- 
ive of  grading,  bridges 
and  buildings. 


532,963.78 


1.3614 
517,058.97 


141.83 

56.58 

9.81 

24.66 

8.80 

21.03 

6.40 

7.73 

41.71 

62.54 

21.60 

2.50 

17.42 

39.84 

111.45 

72.57 

278.19 

543.20 

Yard  "C"   (Flat) 
September,  1915. 


.23  cars  per  cut 


36864  engine   hours 


5  2.61 
17.54 

.26 

.33 
4.05 

24.79 

.2479 

1.4862 

511,332.96 


637.21 


830.65 


Company  purchase  |s  current  for  lights. 


$3,000,000.00 


53,000,000.00 


4.80 
1.10 


11.80 


17.70 


Current  for  lights  gen- 
erated at  roundhouse. 


$600,000.00 
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STATEMENT  SHOWING  COMPARISON  OF  OPERATING  COSTS  AND  CONDITIONS 
OF  TWO  HUMP  YARDS  AND  ONE  FLAT  YARD. 


Questions  Asked. 

Yard  "A"  (Hump) 

Yard  "B"  (Hump) 

Yard  "C"  (Flat) 

August,  1915. 

August,  1915. 

September,  1915. 

(19)   Number  of  cars  damaged 

In  order  to  closely 

analyze  the  damage 

60  cars  damaged. 

in  yard — Total  cost  of 

Yardmaster  keeps 

a  record  in  two  dif- 

Repairs  $1,554.75 

repairing  same. 

ferent  classes,  first 

,  cars  damaged  by 

classification  on  h 

umps   and    while 

shifting;  second,  c 

ars  damaged  by  de- 

livery  crews  work 

ing    between    yards 

and  individual  pla 

nts,  or  between  yards 

and  foreign  roads. 

Eastbound  1 1  cars 

Eastbound  11  cars 

Damage  $186.53 

Damage  $331.69 

Westbound  15  cars 

Westbound  9  cars 

Damage  $480.60 

Damage  $18.16 

In  industrial 

In  industrial 

switching  east- 

switching  east- 

bound      yards 

bound  delivery 

handled  20,434 

crews   handled 

cars,   damaging   3 

19,124   cars   and 

at  a  cost  of  $179.48. 

westbound    deliv- 

Westbound deliv- 

ery crews  handled 

ery  crews  handled 

17,916  cars,   dam- 

19,557 cars,  dam- 

aging none.     The 

aging   1  car  at  a 

delivery  crews  op- 

cost of  $54.44. 

erating  between 
Rockville,    Enola 
and    Marysville 

handled  9,882  cars, 

, 

damaging  1  car  at 

a  cost  of  $13.24. 

20)Aro  trains  departing  from 

Trains  departing  fr 

ora  yards  arc  made 

Yes 

yard  made  up  in  station 

up  in  station  order 

for  the  abutting  di- 

order? 

visions,  Middle  an 

d    Central   division, 

but  not  for  our  own 

division  at  all  times. 

Yard  No.  4 :                                                                                 Capacity  cars. 
None  of  the  tracks  in  this  yard   is  assigned  regularly  to  a 
particular  classification.     They   are   changed    continually, 
more  especially  since  the  yards  are  so  crowded  with  coal 
cars.     Total   capacity 1450 

Yard  No.  3: 

This  yard  is  used  exclusively  for  loaded  cars,  both  slow  and 
preference.  No.  1  track  is  used  as  a  pull-up.  No.  2  to 
11,  inclusive,  are  used  for  the  various  classifications  in 
the  loaded  cars,  and  one  changed  every  six  hours  by  a 
different  make-up  of  the  various  trains.  No.  12  track  is 
used  as  an  inlet  and  outlet  to  the  transfer.  No.  14  to  22, 
inclusive,  are  used  as  receiving  tracks  to  No.  4  Yard. 
No.  23  track  is  used  as  a  return  track  for  Philadelphia 
Division  engines.  No.  13  and  A  to  H,  inclusive,  are 
transfer  tracks.     Capacity,  295  cars.    Total  capacity 2754 

Yard  No.  2: 

From  tracks  3  to  8,  inclusive,  are  receiving  tracks  to  No.  1 
Yard.  Tracks  9  to  18,  inclusive,  are  used  for  the  shift- 
ing of  slow  freight.     Total  capacity 1025 
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Yard  No.  I :                                                                                 Capacity  cars. 
Tracks  I  to  24,  inclusive,  are  used  for  eastbound  slow-freight 
classification.      There    is    also    being    made    a    light    and 
heavy   equipment   classification   for   cars   for   Morrisville 
and  beyond.     Total  capacity 1400 

Grand  total    8709 

(2)  If  we  were  to  rearrange  and  rebuild  our  yards  we  would  seriously 
consider  making  the  classification  tracks  in  all  yards  of  sufficient 
length  to  hold  150  cars,  which  would  enable  us  to  take  care  of  our 
maximum  trains,  with  a  little  room  for  expansion.  This  condition 
would  be  governed  entirely  by  the  trainload  hauled  on  the  division 
that  yard  is  intended  to  serve ;  the  receiving  tracks  to  hold  130  cars. 
This  would  also  be  governed  by  the  trainload  of  the  division  taking 
the  cars  from  the  yard.  In  the  receiving  yard  the  grade  between 
the  receiving  end  and  dispatching  end,  toward  the  hump,  to  be  .50 
to  .75 ;  this  would  enable  one  engine  to  shove  the  trains  out  of  the 
receiving  yard  with  considerably  less  damage,  as  at  present  we  use  two 
pushing  engines,  and  even  then  it  is  necessary  to  take  slack,  making 
several  attempts  to  move  the  draft,  which  results  in  damage  to  equip- 
ment and  lading. 

Above  also  applied  to  Yard  "B." 

(3)  Tractive  power  and  hours  of  service  of  engine: 

Hours  of  Service.  Tractive  Power.  Class  of  Engine. 

214  24,313  lbs.  A4 

2268  28,116  lbs.  B8 

32  23,040  lbs.  H3A 

4480  39,688  lbs.  H6 

614  39,688  lbs.  H6N 

7608 

ADDITIONAL     INFORMATION     COVERING     OPERATION     OF 
YARD  "B"  FOR  MONTH  OF  AUGUST,  1915. 

(Plan  of  yard  is  not  published.) 
(1)     Capacity  of  Yard:  No.  of  Tracks.     Car  Capacity. 

A — Eastbound   classification   yard.  v.  ..18  1100 

B — Westbound  classification  yard 20  2082 

C — Eastbound  receiving  yard 10  950 

D — Westbound   receiving  yard 11  880 

E — Eastbound  car  repair  yard 4  264 

F — Westbound  car  repair  yard 8  421 

G — Eastbound   solid  train  yard 7  455 

H — Eastbound    advance    yard 4  292 

Total  tracks  and  capacity 82  6444 
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(2)     Tractive  power  and  hours  of  service  of  each  engine : 
Hours  of  Service.                 Tractive  Power.  Class  of  Engine. 

374  23,040  lbs.  H3A 

3672  39,688  lbs.  H6 

97  39,688  lbs.  H6N 

4M3 

ADDITIONAL     INFORMATION     COVERING     OPERATION     OF 
YARD  "C"  FOR  THE  MONTH  OF  SEPTEMBER,  1915. 

(Plan  of  yard  is  not  published.) 

(1)  Capacity  of  Yard: 

Capacity   of  each   division  of  yard,   including  car   repair  tracks,   ca- 
boose tracks,  hold  tracks,  transfer  tracks,  icing  facilities,  etc. 
Repair  tracks.  280  cars 
Yard  No.  1 . . .  1280  cars 

Yard  No.  2.. .1120  cars   (30-car  transfer  track  included) 
Yard  No.  3...  1250  cars  (30-car  caboose  track  included) 
Yard  No.  4...  800  cars   (160-car  hold  track  included) 

Total 4730  cars 

(2)  West  end  of  yard  has  about  .12  descending  grade  toward  yard. 
East  end  of  yard  has  800  ft.  of  flat  grade  and  then  .16  ascending 
grade  toward  yard. 

(3)  No  changes  to  suggest  in  the  rearrangement  of  yard. 

(4)  Character  of  loads  handled: 

Commodity.  East.  North.  West. 

Grain    19.6%  29.6% 

Lumber    6.6%  4.4%  3.9% 

Flour    2.6% 

Butter   and  eggs 1.0% 

Merchandise    12.0%  36.0% 

Fruit    9.6%  4.4%  1.0% 

Meat    3.6% 

Coal     4.4%  45-9%  21 .8% 

Stock 3.0%  1.2% 

Iron   and   steel 1.3%  2.7% 

Automobiles    1.1%  3-7% 

Sand  and  gravel 13.0% 

Cement    3.5%  4.2% 

Potatoes    1.0% 

Paper   1.1%  1.2% 

Company   material    2.6%  5-4% 

Machinery    1.0%  1.2% 

Brick    1.0%  1.6% 
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Commodity.  East. 

Oil    1.1% 

Pipe    

Syrup    

Implements 

Beer   

Furniture    

Miscellaneous    10.9% 


North. 

1.2% 
1.6% 


7-5% 


West. 
1.2% 


i.3% 
1.4% 
1.9% 

157% 


(5) 


100.6%  100.0%  100.0% 

Tractive  power  and  hours  of  service  of  each  engine: 


Engine     Class.  Travtive  Power.  Hours  Service. 


446 

R-i 

3O9OO 

77  hrs 

.  45  min 

•335 

R-i 

30900 

11  " 

2047 

M-i 

233O0 

421  " 

36  '• 

2049 

M-i 

23300 

6  " 

2051 

Mi 

23300 

35  " 

45  " 

2053 

M-i 

2330O 

394  " 

50  " 

2055 

M-i 

23300 

664  " 

55  " 

2056 

M-i 

23300 

417  " 

07  " 

2057 

Mi 

23300 

253  " 

2059 

M-i 

23300 

561  " 

2060 

M-i 

23300 

358  " 

30  " 

206  r 

Mi 

23300 

485  " 

01  " 

■— if 

1  .rut.  1 

±%: 

Duty. 
Making   and    break- 
ing up   trains   in 
classification 
yards. 


*■ 


TRACK  SCALES. 

The  Committee  has  been  working  on  specifications  for  track  scales 
for  two  or  three  years.  A  report  was  prepared  by  the  Sub-Committee 
more  than  a  year  ago,  but  was  not  published  with  our  report  for  1914 
on  account  of  track  scale  developments  then  under  way. 

Several  meetings  have  been  held  with  members  of  the  Committee  on 
Weighing  of  the  American  Railway  Association,  and  the  "Recommenda- 
tions for  the  Design,  Construction,  Maintenance  and  Operation  of  Railroad 
Track  Scales"  which  follow  have  been  submitted  to  them  and  conform  in 
general  to  their  "Track  Scale  Specifications  and  Rules,"  dated  November 
!9,  I9I3»  with  such  modifications  as  have  been  discussed  by  the  two 
Committees. 

We  submit  these  recommendations  to  show  progress  and  for  the  con- 
sideration of  the  Association,  and  do  not  ask  that  they  be  adopted  as  a 
standard  of  the  Association  to  be  printed  in  the  Manual  this  year. 

We  understand  that  the  American  Railway  Association  is  contem- 
plating a  revision  of  its  "Track  Scale  Specifications  and  Rules,"  dated 
November  19,  1913,  and  we  hope  by  another  year  that  our  Association 
will  be  in  position  to  publish  approved  specifications  on  Track  Scales. 

The  Railway  Age  Gazette  in  issue  No.  25  of  Volume  No.  59  has 
printed  an  article  on  the  Plate  Fulcrum  Track  Scale,  which  has  been  in- 


288  YARDS    AND    TERMINALS. 

stalled  by  the  Pennsylvania  Railroad  Company  at  East  Tyrone.  Our 
Sub-Committee  inspected  this  scale  and  were  very  much  pleased  with  its 
action  and  think  it  has  good  possibilities  for  the  future.  As  it  is  still 
in  the  experimental  stage,  however,  we  are  making  no  further  reference 
to  it  in  this  report. 

Mr.  C.  C.  Wentworth,  Principal  Assistant  Engineer  of  the  Norfolk 
&  Western  Railway  Company,  who  was  an  expert  on  track  scales  and  a 
member  of  our  Committee,  died  very  suddenly  on  November  nth  in 
Roanoke,  Va.  Mr.  Wentworth  attended  the  Committee  meeting  in  Phila 
delphia  in  the  latter  part  of  October  and  appeared  to  be  in  good  health 
and  to  enjoy  immensely  the  trip  that  was  taken  over  the  Main  Line  of 
the  Pennsylvania  Railroad  in  the  Philadelphia  suburban  zone  and  the 
trip  to  Valley  Forge  to  visit  the  site  of  the  encampment  of  the  Conti- 
nental Army  under  Washington  during  the  Revolutionary  War,  all  of 
which  territory  was  familiar  to  him  in  earlier  years.  His  death  came  as 
a  great  shock  to  his  friends,  and  his  valuable  services  will  be  greatly 
missed  by  the  Yards  and  Terminals  Committee. 

RECOMMENDATIONS     FOR     THE     DESIGN,     CONSTRUCTION. 
MAINTENANCE   AND   OPERATION   OF   RAIL- 
ROAD TRACK  SCALES. 

The  following  recommendations  are  made  with  the  view  of  setting 
an  ultimate  standard  to  which  railroads  generally  may  work,  but  are  nor 
intended  to  condemn  scales,  methods  of  installation  or  reinstallations, 
etc.,  now  in  service  which  come  within  the  sensibility  and  tolerance  pre- 
scribed in  Section  4  and  respond  to  tests  as  prescribed  in  Section  12, 
and  are  not  intended  to  cover  installations  for  special  weighing,  such  as 
twin  loads,  etc. : 

SELECTION,     LOCATION      AND      INSTALLATION      OF      NEW 

SCALES. 
General. 

1.  The  most  essential  features  of  a  good  track  scale  are  the  design, 
capacity  and  length,  and  in  the  selection  and  installation  of  such  a  scale 
the  following  must  be  given  careful  consideration : 

(a)  Maximum  loads  to  be  moved  over  scale  for  weighing  or  other- 
wise, considering  the  spacing  of  and  concentration  of  weight  on  axles. 

(b)  Length  of  wheel  base  of  cars  or  other  equipment  to  be  weighed. 

(c)  Whether  cars  are  to  be  weighed  spotted  or  in  motion. 

(d)  Location  with  respect  to  yard  work  and  grade. 

(e)  Character  of  foundations. 

(f)  Method  of  installation. 

(g)  Drainage,  lighting,  heating  and  ventilation. 
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Design. 

2.  (a)  Scales  should  be  so  designed  that  when  the  load  is  applied 
to  the  main  supporting  levers,  (the  oscillation  of  the  platform  will  not 
displace  the  bearings  at  points  of  contact  on  the  knife  edges. 

(b)  They  should  be  constructed  preferably  in  not  more  than  four 
sections.  The  vital  parts  should  be  as  accessible  as  practicable  for  clean- 
ing, inspection  and  adjustment. 

(c)  In  scales  of  more  than  two  sections,  one  of  two  methods  of  de- 
signing bridge  girders  may  be  employed : 

First,  girders  of  continuous  type. 

Second,  non-continuous  girders  tied  together  to  prevent  longitudinal 
displacement. 

(d)  Practical  means  of  adjustment  should  be  provided  to  secure  uni- 
form distribution  of  load  on  scale  at  points  of  support. 

(e)  Like  parts  of  a  given  type,  length  and  capacity  of  scale  should 
be  interchangeable  as  far  as  practicable.  The  position  of  each  nose  iron 
should  be  clearly  indicated  by  a  well-defined  mark  showing  its  position 
when  the  lever  is  sealed.  (Some  roads  specify  that  the  scale,  as  a  whole, 
made  by  one  maker,  should  be  interchangeable  on  foundations  with  that 
made  by  another.) 

(f)  Check  devices  should  be  used  transversely  and  longitudinally. 
If  rods  are  used  they  should  be  placed  as  near  the  top  of  the  weigh 
bridge  as  practicable  and  should  be  level  under  full  load,  with  adjustment 
to  keep  them  so,  and  set  up  with  little  or  no  initial  strain. 

(g)  Beams  should  be  so  designed  as  to  weigh  all  loads  on  main  and 
fractional  bars  without  use  of  hanger  weights.  The  main  bar  of  the 
beam  should  have  not  more  than  six  notches  to  the  inch,  assuming  each 
notch  to  represent  1,000  lbs.  The  fractional  bar  should  be  graduated  to 
50-lb.  subdivisions,  with  not  more  than  four  subdivisions  to  the  inch, 
which  would  correspond  to  200  lbs.  per  inch.  A  shoulder  stop  must  be 
provided  on  all  beams  to  prevent  the  poise  traveling  back  of  the  zero 
graduation.  Where  the  scale  is  not  equipped  with  a  beam  of  full  capacity, 
the  maximum  capacity  must  be  clearly  and  permanently  shown  on  the 
scale  where  it  can  be  easily  seen. 

(h)  Multiplication  at  butt  of  beam  should  not  exceed  800  to  1.  High 
multiplication  in  levers  is  undesirable. 

(i)  Recording  beams  should  be  used  where  spot  weighing  is  per- 
formed. 

(j)  The  sensibility  reciprocal  is  the  weight  required  to  move  the 
beam  a  definite  amount  from  pointer  or  other  indicating  device  of  a 
scale.  In  scales  provided  with  a  beam  and  trig  loop  the  sensibility  recip- 
rocal is  the  added  weight  required  to  be  placed  upon  the  platform  to 
break  and  turn  the  beam  from  a  horizontal  position  in  the  middle  of  the 
loop  to  a  position  of  equilibrium  at  the  top  of  the  loop.  This  may  be 
determined  by  subtracting  the  weight  instead  of  adding  it,  or  by  using 
the  sliding  poise  on  the  beam,  if  this  is  done  without  jarring  the  beam. 
For  railroad  track  scales  the  angular  movement  or  play  should  be  2  per 
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cent,  and  the  sensibility  should  correspond  to  i  per  cent,  angular  move- 
ment of  the  beam. 

The  sensibility  reciprocal  of  a  track  scale  should  never  be  greater 
than  ioo  lbs.  When  the  scale  is  new  this  should  not  be  greater  than  50 
lbs. ;  that  is,  a  load  of  50  lbs.  when  applied  to  the  scale  platform  should 
cause  the  beam  to  move  from  a  position  in  the  middle  of  the  trig  loop 
to  the  top  of  the  loop.  For  verification  purposes  when  new,  a  scale 
should  be  capable  of  adjustment  to  within  1-2000  (lA-\b.  to  the  1000  lbs.) 
of  the  capacity  and  should  be  maintained  in  adjustment  to  within  4  lbs. 
to  the  1000  lbs.  in  excess  or  recess.  Track  scales  should  be  kept  in  the 
closest  possible  adjustment. 

(k)  Bearings  should  be  compensating,  wherever  practicable,  to  in- 
sure full  length  contact  of  pivots  or  knife  edges  with  bearings. 

(1)  Friction  in  all  parts  of  the  suspension  should  be  reduced  to  a 
minimum  by  providing  hardened  steel  contacts.  The  design  of  scales 
should  contemplate  this  important  factor. 

(m)  All  bearing  surfaces  of  the  scale  on  the  masonry  should  be 
planed  to  true  surface  and  the  bearing  surface  of  the  weigh  bridge  on 
the  scale  should  be  in  true  surface. 

Capacity. 

3.  (a)  When  locomotives  are  not  weighed  the  capacity  of  the  scale 
should  be  determined  by  the  maximum  weight  of  the  cars  it  will  have 
to  weigh.  Each  pair  of  main  levers  should  be  proportioned  to  carry  half 
of  this  load,  whether  there  be  four  pairs  or  two.  The  other  levers  should 
be  proportioned  to  carry  what  comes  to  them  from  this  loading.  In  addi- 
tion to  this  live  load,  the  dead  weight  of  the  track,  track  girders,  etc., 
should  be  included,  the  loads  being,  of  course,  altered  by  the  reduction 
employed. 

(b)  The  design  of  levers  should  be  governed  by  the  use  of  such 
sections  that,  under  the  load  or  weight  determined  from  the  capacity,  the 
stresses  and  deflections  are  within  the  limits  specified : 

Stress:     Cast-iron,  tension   2500  lbs.  per  sq.  in. 

Compression   . 5000  lbs.  per  sq.  in. 

Cast-steel,   tension    8000  lbs.  per  sq.  in. 

Compression   8000  lbs.  per  sq.  in. 

Maximum  deflection  at  any  point  of  lever  resulting  from  the  load  ap- 
plied at  the  intermediate  pivot  with  lever  supported  at  end  pivots  as  a 
simple  beam  and  measured  from  a  straight  line  joining  the  end  pivots: 

Cast-iron 04  in. 

Cast-steel 08  in. 

(c)  All  loops  should  be  so  designed  that  the  respective  strengths  are 
equal  to  those  of  the  pivots,  the  latter  being  the  basis  for  calculation. 
The  combined  stress  in  tension  due  to  flexure  plus  direct  tension  should 
not  exceed  8000  lbs.  per  sq.  in. 

(d)  Knife  edges  and,  when  practicable,  pivots  should  be  subjected  to 
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no  bending  stress,  and  should  be  supported   their  full  length   by  projec- 
tions east  on  the  levers. 

(e)  All  knife-edges,  pivots  and  bearing  surfaces  for  same  should 
be  made  from  a  steel  which  possesses  such  properties  as  will  insure  a 
maximum  toughness  combined  with  the  necessary  degree  of  hardness  to 
insure  minimum  wear  under  maximum  loads.  The  following  physical 
properties,  based  on  steel  with  the  internal  strains  relieved  by  drawing 
after  hardening,  should  be  as  follows: 

Ultimate  tensile  strength 200,000  lbs.  per  sq."  in. 

Elastic   limit    165,000  lbs.  per  sq.  in. 

Elongation  in  2  inches 5% 

Reduction  in   area 25% 

Maximum    working    stress 20,000  lbs.  per  sq.  in. 

(f)  Application  of  load  and  methods  to  be  followed  in  determining 
the  cross-section,  based  on  the  stress  specified : 

In  determining  the  bending  moment,  the  lever  arm  "L"  should  be 
defined  as  half  the  length  of  the  bearing  surface  in  the  loop  or  connec- 
tion, plus  J4-inch  plus  one-half  of  the  difference  between  the  dimensions 
of  the  friction  faces  in  the  loop  and  the  friction  faces  on  the  lever,  as 
expressed  in  the  following  formula : 

Let  L  =  Lever  arm  required. 

I  =  Bearing  surface  in  loop. 
T  =  Distance  between  friction  faces  of  loop. 
\Y  =  Width  of  boss  or  sustaining  member  enveloping  pivot. 
Then : 

L=/2I  +  H(T-W)-f  %". 


(g)  The  bearing  per  linear  inch  of  knife-edge  should  not  exceed 
7000  lbs.  when  the  hereinbefore-mentioned  loading  is  considered. 

(h)  Structural  steel  used  for  the  track  girders  of  the  live  rail  and 
for  the  cross  girders  supporting  the  dead  rail  should  conform  to  the 
specifications  for  steel  structures  as  adopted  by  the  American  Railway 
Engineering  Association.     To  avoid  skew  or  wind  each  pair  of  girders 
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should  be  put  in  place  without  the  sway  and  lateral  bracing  being  riveted 
to  them  and  then  the  bracing  be  added  and  secured  by  bolts,  unless  the 
necessity  for  this  can  be  obviated  by  proper  shop  inspection. 

(i)  The  scalemakers  should  be  required  to  submit  stress  sheets  and 
plans  showing  dimensions  of  levers  and  of  the  various  parts  of  the  scale 
sufficiently  in  detail  for  making  a  satisfactory  check. 

Length. 

4.  (a)  The  length  of  the  scale  is  the  distance  between  the  ends  of 
the  available  live  or  weighing  rail. 

(b)  When  cars  are  to  be  weighed  spotted,  the  scale  should  be  of 
sufficient  length  to  place  the  entire  car  on  the  scale,  and  preferably  longer 
to  facilitate  spotting.     A  length  of  50  ft.  is  recommended. 

(c)  When  cars  are  to  be  weighed  in  motion,  the  length  of  scale 
shall  be  such  that,  at  a  maximum  speed  of  four  (4)  miles  per  hour,  each 
car  will  be  entirely  and  alone  on  the  scale  a  minimum  of  four  (4)  sec- 
onds. 

(d)  The  length  of  pit  inside  of  end  walls  should  be  not  less  than 
2  ft.  longer  than  the  extreme  length  of  scale  parts. 

(e)  The  ends  of  scale  rails  should  not  project  beyond  the  knife 
edges  of  the  end  main  levers. 

Location. 

5.  The  proper  location  of  a  track  scale  depends  principally  on  the 
following  conditions : 

(a)  The  volume  of  traffic  to  be  weighed  in  comparison  with  that 
switched  over  the  scales  and  not  to  be  weighed. 

(b)  Whether  scale  is  to  be  equipped  with  dead  rail  or  relieving  gear. 

(c)  Whether  a  run-around  track  will  be  installed  for  switching  and 
a  separate  track  for  weighing. 

(d)  Whether  cars  are  to  be  weighed  spotted  or  in  motion. 

(e)  The  cost  of  extra  switching  when  the  scales  are  not  located  on  a 
lead  to  classification  track. 

(f)  Cost  of  maintenance  when  scale  is  located  on  lead  to  classifica- 
tion track  and  only  a  small  proportion  of  cars  are  to  be  weighed. 

(g)  The  necessity  for  quick  dispatch  of  cars  that  are  weighed.  So 
much  depends  on  local  conditions  that  it  would  be  difficult  to  give  exact 
rules  in  connection  with  the  above  suggestions.  It  is  recommended,  how- 
ever, that  there  be  not  less  than  50  ft.  of  tangent  track  at  both  ends  of 
scale  rail.  When  only  a  small  proportion  of  the  cars  handled  are  to  be 
weighed,  the  rails  leaving  the  scale  in  the  direction  of  weighing  may  be 
curved  and  the  dead  rails  straight  or  the  curvature  may  be  equalized 
between  them. 

Grade. 

6.  (a)  When  scales  are  located  on  a  lead  to  classification  tracks  in 
hump  yards,  they  should  be  at  such  an  elevation  that  cars  will  run  by 
gravity  as  far  as  desired  into  the  classification  yard,  considering  a  maxi- 
mum speed  of  four  miles  per  hour  over  the  scale. 
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(b)  When  scales  are  not  located  on  the  hump,  they  should  be  at 
sufficient  elevation  to  provide  the  necessary  grade  on  the  track  leaving 
the  scale  in  the  direction  of  weighing,  and  such  that  the  usual  cut  of 
cars  to  be  weighed  will  run  away  from  the  scale  by  gravity  in  order  to 
prevent  impacts  on  the  scale  and  also  for  protection  against  surface 
water. 

(c)  Scales  in  all  cases  must  be  built  level,  and  supports  used  to  fix 
weighing  rails  at  the  desired  incline. 

(d)  The  distance  and  grade  from  top  of  hump  to  scale  should  be 
such  that  free  running  cars  will  pass  over  the  scales  at  a  speed  not  to 
exceed  four  (4)  miles  per  hour  without  brake  application,  and  cars  be 
so  spaced  that  the  minimum  weighing  period  of  four  (4)  seconds  shall 
not  be  reduced. 

(e)  Scales  to  be  used  for  motion  weighing  should  be  constructed 
with  scale  rails  on  a  grade  not  greater  than  1  per  cent. 

(f)  Where  it  is  the  practice  for  one  car  rider  to  take  several  cars 
into  the  classification  track,  the  grade  over  the  scale  should  be  main- 
tained for  at  least  100  ft.  ("and  preferably  200  ft.)  beyond  the  scale  in 
the  direction  of  weighing.  This  provides  that  cars  may  be  stopped  easily 
by  the  car  rider,  and  that  succeeding  cars  will  not  cause  excessive  impact 
when  striking  the  car  ahead,  which  should  occur  not  less  than  one  car 
length   from  the  scale. 

Foundations. 

7.  (a)  Scale  foundations  should  be  constructed  preferably  of  con- 
crete or  cut  stone  laid  with  cement  mortar,  and  should  be  designed  and 
constructed  with  especial  care  to  prevent  settlement. 

(b)  Foundations  should  be  constructed  in  accordance  with  the  best 
engineering  practice. 

(c)  Piers  or  parts  of  foundations  supporting  scale  stands  or  dead- 
rail  system  should  be  of  sufficient  area  that  the  pressure  per  square  inch, 
in  accordance  with  the  best  engineering  practice,  will  not  be  exceeded, 
and  must  be  constructed  as  nearly  as  possible  to  exaot  elevations.  Grout- 
ing is  undesirable.  The  tops  of  piers  or  supporting  walls  should  be  of 
cement  mortar  in  the  proportion  of  one  to  one  to  the  depth  of  approxi- 
mately one  and  one-half  (ixA)  inches  and  after  setting  dressed  to  exact 
elevations.  (On  four-section  scales  the  four  pedestals  forming  half  of 
the  eight  supports — they  being  divided  into  groups  of  four  by  the  fifth 
lever — may  be  bolted  together  with  cast-iron  struts,  if  necessary,  for  the 
purpose  of  keeping  the  pedestals  precisely  plumb  and  at  the  proper  dis- 
tance apart.) 

(d)  Where  necessary  to  prevent  seepage  of  water  through  founda- 
tions into  the  scale  pit,  they  should  be  waterproofed  and  drained  into  a 
waterproof  cistern  located  outside  of  scale  pit,  and  equipped  with  either 
handpump,  air  siphon  or  steam  siphon. 

(e)  The  masonry  should  extend  at  least  ten  and  preferably  25  ft. 
from  the  pit  face  of  the  end  walls  back  under  the  track  in  both  directions 
to  provide  proper  support. 
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(f)  The  foundation  pit  should  be  of  ample  size  to  allow  freedom  in 
making  inspection. 

(g)  Access  to  the  pit  should  be  from  the  side  if  practicable;  other- 
wise by  means  of  stairway  from  scale  house. 

(h)  The  pit  masonry  should  provide  for  supports  of  dead  rails  when 
used  and  fixed  floor  system. 

(i)  The  minimum  period  of  ten  days  should  elapse  between  the  plac- 
ing of  the  last  concrete  and  the  putting  of  the  scale  in  service  so  as  to 
permit  proper  setting  of  the  concrete.  This  setting  will  be  influenced  by 
the  prevailing  temperature  and  weather  conditions,  which  should  be  given 
due  consideration. 

Installation. 

8.     (a)   Scale  should  be  installed  with  dead  rail  or  relieving  apparatus. 

(b)  The  deck  or  platform  should  be  of  the  rigid  type  so  that  the  bal- 
ance of  the  beam  is  not  affected  by  weather  conditions,  etc.  It  should  be 
made  as  nearly  dirt-  and  waterproof  as  possible. 

(c)  Wedge  or  other  means  of  adjustment,  if  used  between  bridge 
and  scale  supports  to  secure  uniform  distribution  of  loading,  should  be 
set  as  low  as  possible  when  scales  are  installed.  The  future  lining  usually 
requires  raising  the  bridge  rather  than  lowering  it. 

(d)  Material  such  as  wooden  ties,  placed  between  the  bridge  and  the 
scale  rail,  will  absorb  the  shock  and  protect  the  vital  parts  in  case  of  de- 
railment. This  material  should  not  be  framed  until  the  bridge  is  in- 
stalled, in  order  to  secure  proper  elevation  of  the  scale  rails,  and  it 
should  be  fastened  securely  to  the  bridge  to  prevent  shifting. 

(e)  Scale  should  be  set  directly  on  foundations  or  on  metal  bed 
plates  resting  on  foundation. 

(f)  Scale  parts  should  be  securely  anchored  to  the  foundations. 
Unless  pedestals  are  strutted,  it  is  desirable  that  means  of  slight  adjust- 
ment longitudinally  and  transversely  be  provided  for  properly  setting 
the  scale,  interchanging  scales  in  the  same  pit,  etc.  This  is  in  order  to 
secure  perfect  freedom  of  action  for  all  parts  in  suspension. 

(g)  Scale  beam  and  shelf  supports  should  rest  directly  on  steel  or 
masonry  foundation. 

(h)  The  use  of  extension  levers  between  the  fifth  lever  and  scale 
beam  is  undesirable. 

(i)  Scales  and  structural  steel  should  be  cleaned  and  painted  with 
one  coat  of  red  lead  paint  before  being  installed  and  one  coat  after  in- 
stallation. 

(j)  Clearances  between  the  movable  parts  and  the  fixed  parts  ad- 
jacent shall  not  be  less  than  i  in.,  except  that  when  scale  and  approach 
rails  are  securely  anchored,  a  clearance  of  not  more  than  ^-in.  will  be 
permitted  for  them. 

(k)  Open-Hearth  rails  of  full  length  and  sufficient  capacity  for  sup- 
porting the  load  are  desirable. 

(1)  An  efficient  transfer  rail  or  other  connection  may  be  used  to 
prevent    impact   of   cars    moving   over   the    joint   between    approach    and 
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scale  rails.  Such  connection  must  not  interfere  with  the  action  of  the 
scale. 

(m)  Approach  and  scale  rails  should  be  anchored  to  prevent  creep- 
ing and  should  be  maintained  in  proper  line  and  surface. 

(n)  Scale  pits  should  be  heated,  where  necessary,  to  prevent  freez- 
ing an<|  rust. 

(0)  Scale  pits  should  be  properly  lighted  for  purpose  of  cleaning, 
inspection  and  testing. 

(p)  A  scale  house  should  be  constructed  for  proper  housing  and 
protection  of  the  scale  beam  and  protection  of  weighmaster. 

(q)  The  interior  and  exterior  of  scale  houses  should  be  well  lighted. 

Maintenance,  Operation  and  Testing  of  Track  Scales. 

o.  (a)  All  track  scales  should  be  numbered  and  referred  to  by 
number  and  location. 

(b)  Extensive  repairs  to  scales,  such  as  renewal  or  of  sharpening  of 
pivots,  should  be  made  in  a  properly  appointed  shop. 

(c)  When  scales  are  in  service  regularly,  the  scale  parts,  substruc- 
tures and  foundations  should  be  cleaned  at  stated  intervals  and  at  such 
other  times  as  may  be  necessary. 

(d)  The  application  of  rust  preventatives  to  bearings  is  desirable,  but 
they  should  be  so  applied  as  not  to  interfere  with  the  proper  working  of 
the  scale. 

(e)  If  ice  obstructs  the  levers,  salt  should  not  be  used  to  melt  it, 
but  artificial  heat  should  be  used. 

(f)  Equipment  should  not  be  allowed  to  stand  on  the  scales  except 
when  being  weighed. 

(g)  Engines  or  other  equipment  not  to  be  weighed  should  not  be 
passed  over  the  live  rail,  except  on  authority  of  the  weighing  department. 

(h)  Cars  should  not  be  bumped  off  scales  by  an  engine  or  another 
car  on  a  dead  rail,  nor  be  pulled  across  the  scales  coupled  to  another  car 
moving  over  the  dead  rail. 

(i)  Enginemen  should  not  apply  sand  on  scale  or  dead  rail,  nor 
should  the  injector  on  the  engine  be  applied  when  the  engine  is  standing 
on  or  passing  over  the  scale. 

(j)  The  weighing  beam  should  be  balanced  before  the  scale  is  used, 
and,  when  not  in  use,  it  should  be  locked  with  the  beam  catch. 

(k)  Cars  should  not  be  violently  stopped  on  the  scale  by  impact,  by 
the  sudden  application  of  brakes  or  by  throwing  obstructions  under  the 
wheels.  When  pushing  off  scale  cars  which  have  been  stopped  for  weigh- 
ing or  otherwise,  impact  must  not  occur  at  a  greater  speed  than  two 
miles  per  hour.  When  necessary  for  any  reason  to  run  cars  over  the 
scale  rails,  the  speed  must  not  exceed  four  miles  per  hour. 

(1)  The  weighmaster  should  familiarize  himself  with  the  construc- 
tion of  the  scale  and  make  such  inspection  at  such  intervals  as  are 
necessary  to  determine  if  the  scale  is  in  proper  working  condition. 
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(m)  Parties  appointed  to  inspect  and  maintain  scales  should  be 
properly  instructed  and  duly  authorized.  It  is  desirable  that  they  be 
present  with  the  scale  inspector  when  scales  are  tested. 

(n)  The  metal  work  in  the  scale  and  the  structural  steel  must  be 
maintained  in  a  well-painted  condition. 

Testing. 

10.  (a)  The  standards  of  mass  for  testing  scales  should  be  derived 
from  primary  weights,  verified  by  the  National  Bureau  of  Standards, 
Washington,  D.  C,  to  within  what  is  known  as  their  "Class  B  Tolerance." 
Such  weights  can  be  obtained  either  direct  or  through  scale  manufac- 
turers. The  50-lb.  secondary  or  working  cast-iron  weights,  which  are 
transported  from  place  to  place  and  used  directly  in  testing  scales,  should 
be  rectangular  and  of  such  design  as  to  facilitate  stacking;  they  should 
be  free  from  pockets,  blowholes,  etc.,  which  are  liable  to  catch  and  hold 
foreign  matter.  No  adjusting  cavity  or  cavities  in  the  bottom  of  the 
weights  should  be  permitted.  These  weights  should  be  tested  and  adjusted 
in  comparison  with  the  master  weight,  which  has  been  verified  to  within 
"Class  C  Tolerance."  The  working  weights  shall  be  adjusted  to  within 
25  gr.  and  maintained  to  within  100  gr.  of  their  true  values. 

Note. — There  is  a  wide  variation  of  practice  in  regard  to  the  design 
of  scale  test  cars.  It  is  thought,  however,  that  the  majority  of  cars  weigh 
from  30,000  to  60,000  lbs.  and  have  a  wheel  base  of  from  6  ft.  to  8  ft. 
Some  have  a  body  made  up  of  solid  castings  with  space  provided  for  a 
small  super-cargo ;  others  have  a  body  of  plate  steel  with  space  for  super- 
cargo or  test  weights,  weighing  about  as  much  as  the  car.  Local  require- 
ments principally  determine  the  type  of  construction  to  be  followed.  It 
is  not  thought  desirable,  however,  to  have  the  test  car  weigh  less  than 
30,000  lbs.  nor  more  than  60,000  lbs.  for  general  testing.  Heavier  cars 
on  two  axles  up  to  80,000  lbs.  are  desirable  for  use  in  making  graduated 
tests  up  to  the  capacity  of  the  scale  of  the  capacity  of  loads  to  be 
weighed. 

Note. — The  standards  for  testing  scales  in  the  Republic  of  Mexico 
must  be  in  accordance  with  the  Metric  System  Standards  and  will  be 
verified  by  a  Federal  scale  inspector  in  accordance  with  the  Federal  Law. 

(b)  Scales  in  regular  service  should  be  tested  at  least  every  three 
months  with  a  test  car  or  test  weights  up  to  at  least  ten  per  cent,  of 
their  rated  capacity. 

(c)  Scales  should  be  given  a  graduated  test  up  to  their  working  ca- 
pacity when  installed  and  periodically  thereafter.  The  necessity  for  the 
frequency  of  such  tests  depends  on  the  design,  capacity  and  method  of 
installation  of  the  scale,  the  wear  of  scale  pivots,  and  the  amount  of 
weighing  performed. 

(d)  A  test  should  be  made  each  week  by  weighing  a  heavily  loaded 
freight  car  with  as  short  a  wheel  base  as  is  obtainable,  on  each  end  and 
the  center  of  scale.  When  scale  is  equipped  with  an  automatic  weighing 
attachment,  the  cars  should,  in  addition  to  the  above,  be  weighed  spotted 
on  the  trip  end  of  the  scale  and  in  motion  with  the  automatic,  attachment 
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connected.    A  report  of  these  tests  should  be  sent  to  officer  in  charge  of 
scales  and  weighing. 

(e)  In  addition  to  the  above,  a  daily  test  should  be  made  on  each 
scale  equipped  with  an  automatic  attachment,  by  weighing  a  car  spotted 
on  the  trip  end  of  the  scale  with  beam,  also  in  motion  with  the  automatic 
attachment  connected.  A  book  record  of  this  and  other  tests  is  to  be 
kept  by  weighmaster. 

Equipment  for  Testing. 

II.  For  verifying  or  sealing  test  weights  and  test  cars,  it  is  desirable 
to  have  the  following  in  addition  to  standards  of  mass  prescribed  above : 

(a)  An  accurate  even-arm  balance  of  ioo  lbs.  capacity  in  each  pan, 
sensitive  when  loaded  to  2  grains. 

(b)  A  master  scale  of  sufficient  length  and  capacity  for  scaling  test 
cars,  sensitive  to  within  5  lbs.  in  50,000,  should  be  installed  under  cover 
and  properly  maintained  and  tested  to  insure  accuracy. 

For  the  proper  design  of  test  cars,  consideration  should  be  given  to 
the  following : 

(c)  All  metal  construction. 

(d)  Length  of  wheel  base. 

(e)  Uniform  distribution  of  load  on  axles. 

(f)  The  elimination,  as  far  as  practicable,  of  ledges  or  projections 
likely  to  catch  and  hold  dirt. 

(g)  The  elimination  of  all  unnecessary  parts. 

(i)  Strength  and  durability  so  that  frequent  repairs  will  not  be 
necessary. 

(j)  Surface  area  to  be  reduced  as  much  as  possible  to  limit  wind 
pressure. 

(k)  The  accessibility  of  all  parts  for  inspection. 

(1)  The  ease  with  which  it  may  be  barred  or  moved  by  scale  in- 
spector. 

(m)     Weight  of  car  and  weight  of  super-cargo  if  used. 

Automatic  Weighing  and   Recording   Devices. 

12.  Efficient  automatic  weighing  and  recording  devices  may  be  used 
where  desired.  There  has  been  in  the  past,  however  (and  may  be  at 
present),  an  impression  that  the  automatic  weigher  and  recorder  will 
overcome  all  outside  influence  and  give  correct  results  regardless  of  scale 
and  track  conditions  and  the  speed  at  which  the  cars  are  handled  over 
the  scale.  This  is  an  erroneous  impression  and  it  is  absolutely  necessary 
that  the  scale  and  the  automatic  device  be  in  first-class  condition  with 
properly  maintained  approach  tracks,  and  cars  must  be  run  at  a  slow 
rate  of  speed  (with  particular  attention  to  steadiness  of  motion)  if  best 
results  are  to  be  obtained. 
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SUGGESTIONS  FOR  NEXT  YEAR'S  WORK. 

i.     Report  on  handling  of  freight  in  double-deck  freight  houses,  and 
cost  of  operation. 

2.  Continue  study  of  typical  situation  plans  of  passenger  stations  and 
approaches,  and  methods  of  operating  same. 

3.  Continue  study  of  classification  yards. 

4.  Make  final  report,  if  possible,  on  track  scale  specifications. 

Respectfully  submitted, 
COMMITTEE  ON  YARDS  AND  TERMINALS. 


REPORT  OF  SPECIAL  COMMITTEE  ON  UNIFORM 
GENERAL^CONTRACT  FORMS. 

E.   H.   Lee,  Chairman;  C.  A.  Wilson,  Vice-Chair  man; 

C.  Frank  Allen,  J.  C.  Irwin, 

W.  G.  Atwood,  R.  G.  Kenly, 

John  P.  Congdon,  C.  A.  Paquette, 

Thos.    Earle,  J.  H.  Roach, 

Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

Your  Special  Committee  on  Uniform  General  Contract  Forms  begs  to 
submit  the  following  report : 

The  Committee  as  its  work  for  the  current  year  was  instructed  as 
follows : 

(i)  Make  critical  examination  of  the  subject-matter  in  the  Manual 
and  submit  definite  recommendations  for  changes. 

(2)  Report  on  Siding  Agreements. 

(3)  Report  on  Forms  for  Interlocking  and  Railway  Crossings,  con- 
ferring with  Committee  on  Signals  and  Interlocking. 

In  order  to  facilitate  the  work  of  the  Committee  in  dealing  with  the 
subjects  assigned  to  it,  three  Sub-Committees  were  appointed  as  follows : 

(1)  Critical  Review: 

C.  Frank  Allen,  Chairman;  J.  C.  Irwin  and  E.  H.  Lee. 

(2)  Industry  Track  Agreements : 

E.  H.  Lee,  Chairman ;  C.  Frank  Allen,  J.  P.  Congdon,  Thos. 
'  Earle  and  J.  C.  Irwin. 

(3)  Interlocking  Agreement  and  Railway  Crossing  Agreement: 

C.    A.    Paquette,    Chairman ;    W.   G.   Atwood,    R.   G.    Kenly, 
J.  H.  Roach,  C.  A.  Wilson  and  E.  H.  Lee. 

(1)     CRITICAL  REVIEW. 

The  Sub-Committee  received  a  number  of  suggestions  from  members 
of  the  Association  relative  to  changes  in  the  adopted  Agreement  Form. 

Your  Committee  recommends  the  following  changes  in  this  Form, 
as  included  in  the  Manual,  for  the  consideration  of  the  Association: 

Bond. 

1.  The  Contractor  shall,  at  the  time  of  the  execution  and  delivery 
of  this  contract,  and  before  the  taking  effect  of  the  same  in  other  re- 
spects, furnish  and  deliver  to  the  Company,  a  written  bond  of  indemnity 

to   the  amount   of dollars, 

in   form  and   substance  and   with   surety  thereon   satisfactory  and  accept- 
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able  to  the  Company,  to  insure  the  faithful  performance  by  the  Con- 
tractor of  all  the  covenants  and  agreements  on  the  part  of  the  Contractor 
contained  in  this  contract. 

This  bond  shall  remain  in  force  and  effect  for  the  full  amount  or 
such  smaller  sum  as  may  at  any  time  be  specified  by  the  Chief  Engineer. 

AGREEMENT    FORM. 

Timely  Demand  for  Points  and  Instructions. 

9.  The  Contractor  shall  provide  reasonable  and  necessary  oppor- 
tunities and  facilities  for  settling  points  and  making  measurements.  He 
shall  not  proceed  until  he  has  made  timely  demand  upon  the  Engineer  for, 
and  has  received  from  him,  such  points  and  instructions  as  may  be  neces- 
sary as  the  work  progresses.  The  work  shall  be  done  in  strict  conformity 
with  such  points  and  instructions. 
Inspection. 

12.  All  work  and  material  shall  be  at  all  times  open  to  the  inspec- 
tion, acceptance,  or  rejection  of  the  Engineer  or  his  authorized  repre- 
sentative. The  Contractor  shall  give  the  Engineer  reasonable  notice  of 
starting  any  new  work  and  shall  provide  reasonable  and  necessary  facili- 
ties  for  inspection,  even  to  the  extent  of  taking  out  portions  of  fin- 
ished  work;  in  case  the  work  is  found  satisfactory,  the  cost  of  taking  out 
and  replacement  shall  be  paid  by  the  Company.  No  work  shall  be  done 
at  night  without  the  previous  approval  of  the  Engineer. 

Insurance. 

14.  The  Contractor  shall  secure  in  the  name  of  the  Company,  policies 
of  fire  insurance  in  amount,  form  and  companies,  satisfactory  to  the 
Chief  Engineer,  upon  such  structures  and  material  as  shall  be  specified 
by  the  latter,  payable  to  the  Company  for  the  benefit  of  the  Contractor 
or  the  Company  as  the  Chief  Engineer  shall  rind  their  interests  to  appear. 

Intoxicating    Liquors  Prohibited. 

22.  The  Contractor,  in  so  far  as  his  authority  extends,  shall  not  per- 
mit the  sale,  distribution  or  use  of  any  intoxicating  liquors  upon  or  adja- 
cent to  the  work,  or  allow  any  such  to  be  brought  upon,  to  or  near 
the  property  of  the  Company. 

Annulment. 

33.  (b)  In  such  case  the  Company  may  give  the  Contractor  ten  (10) 
days'  written  notice,  and  at  the  end  of  that  time  if  the  Contractor  con- 
tinues to  neglect  the  work,  the  Company  may  provide  labor  and  ma- 
terials and  deduct  the  cost  from  any  money  due  the  Contractor  under 
this  agreement;  and  may  terminate  the  employment  of  the  Contractor 
under  this  agreement,  and  take  possession  of  the  premises  and  of  all 
materials,  tools  and  appliances  thereon,  and  employ  such  forces  as  may 
be  necessary  to  finish  the  work.  In  such  case  the  Contractor  shall  receive 
no  further  payment  until  the  work  shall  be  finished,  when,  if  the  unpaid 
balance  that  would  be  due  under  this  contract  exceeds  the  cost  to  the 
Company  of  finishing  the  work,  such  excess  shall  be  paid  to  the  Con- 
tractor; but  if  such  cost  exceeds  such  unpaid  balance,  the  Contractor 
shall  pay  the  difference  to  the  Company. 
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33.  (b)  Add,  "In  case  of  train  haul  of  material,  unless  otherwise 
provided    in    this    contract,    the    price    for    haul    shall    be    computed    at 

cents  per  cubic  yard  per  mile.     (This  shall  also  apply  to 

33-    (O.)" 

Note: — The  attention  of  the  Committee  has  been  called  to  a  case 
where  complications  between  a  railroad  company  and  its  contractor  re- 
sulted on  account  of  overhaul,  where  the  work  was  taken  from  the  con- 
tractor, and  train  haul  substituted  by  the  railroad  company  for  the 
team  haul  provided  for  in  the  contract.  The  proposed  addition  to 
paragraphs  33  0>)  and  33  (c)  is  suggested  to  cover  such  a  contingency, 
although  your  Committee  is  inclined  to  the  opinion  that  it  might  be 
better  to  cover  this  point  in  the  specification  for  roadway. 

(2)  FORM  OF  AGREEMENT  FOR  INDUSTRY  TRACK. 

The  Sub-Committee  requested  members  of  the  Association  to  furnish 
copies  of  agreements  for  industry  tracks  used  by  their  companies.  This 
request  met  with  a  gratifying  response,  58  forms  of  agreement  used  by  44 
railroads  having  a  mileage  of  108,000,  or  40  per  cent,  of  the  total  rnileage 
of  the  United  States,  being  submitted. 

These  forms  point  clearly  to  the  widely  differing  conditions  that  exist. 
Railroads  located  entirely  in  an  agricultural  region  are  required  to  meet 
conditions  unlike  those  encountered  by  railroads  serving  a  mineral  region. 

Track  elevation  or  depression  and  the  presence  of  streets,  buildings 
and  other  improvements  greatly  complicate  matters  in  large  city  ter- 
minals, as  compared  with  conditions  in  territory  outside.  Some  of  the 
larger  systems  are  required  to  meet  all  of  these  varying  conditions. 

The  attitude  of  the  Courts  and  of  various  Federal  and  State  legislative 
and   regulating  bodies    further   complicates  conditions. 

Moreover,  competitive  conditions  between  railroads  in  the  same 
territory  vitally  affect  the  provisions  which  might  otherwise  be  incor- 
porated in  an  Agreement  for  Industry  Track,  and  any  one  company  can 
hardly  be  considered  an  entirely  free  agent  in  the  matter. 

In  the  preparation  of  the  form  of  Agreement  for  Industry  Track 
herewith  submitted,  your  Committee  has  been  guided  largely  by  the 
majority  practice  of  railroads,  as  shown  in  the  forms  submitted  by  the 
members  of  the  Association.  While  the  form  of  Agreement  as  prepared 
does  not  include  all  the  special  provisions  covered  in  the  forms  submitted 
by  the  members,  it  does  include  many  provisions  which,  although  of  con- 
siderable importance,  are  omitted  from  some  of  these  agreements. 

Your  Committee  feels  that  while  the  Standard  Form  of  Agreement 
for  Industry  Tracks  may  not  be  widely  adopted  as  a  whole,  even  when 
approved  by  the  Association,  yet  it  will  be  of  value  as  a  compilation  and 
adaptation  of  what  are  regarded  as  the  more  important  provisions,  which 
should  be  incorporated  in  such  a  document  as  circumstances  may  require 


302  UNIFORM    GENERAL   CONTRACT    FORMS. 

AGREEMENT  FOR  INDUSTRY  TRACK. 
Preamble. 

This  Agreement,  made  this day  of , 

in  the  year ,  by  and  between 

,  party  of  the  first  part,  hereinafter 

called  the   Shipper,   and 

party  of  the  second  part,  hereinafter  called  the  Company,  witnesseth  : 

That,  Whereas,  the  Shipper  for  the  more  economical  and  convenient 
conduct  of  his  business,  desires  the  construction  of  an  industry  track 
substantially  in  accordance  with  the  plans  hereto  attached  and  hereby  made 
a  part  hereof,  and  the  Company  is  willing  that  said  track  shall  be  so  con- 
structed, upon  the  terms  and  conditions  hereinafter  set  forth : 

Now,  Therefore,  in  consideration  of  the  covenants  and  agreements 
hereinafter  mentioned  to  be  performed  by  the  parties  hereto  and  of  the 
payments  hereinafter  agreed  to  be  made,  it  is  mutually  agreed  as  follows : 

Right-of-Way. 

i.  The  Shipper  shall  provide  at  his  own  expense  all  necessary  right- 
of-way,  outside  of  the  right-of-way  of  the  Company,  required  for  the 
proper  construction  of  said  track,  said  additional  right-of-way  to  be  satis- 
factory to  the  Chief  Engineer  of  the  Company.  In  case  the  lands  of  third 
parties  are  required,  the  Shipper  shall  secure  good  and  sufficient  titles  or 
easements  thereto  and  shall  submit  documentary  evidence  thereof  satis- 
factory to  the  Company. 

During  the  continuance  of  this  agreement  the  Company  shall  have 
the  right  at  all  times  to  enter  upon  said  lands  for  the  purpose  of  con- 
structing, maintaining  and  operating  said  track  or  any  extension  or  addition 
thereto.  If  at  any  time  this  agreement  is  terminated  as  hereinafter  pro- 
vided, and  the  said  track  removed,  the  Company  shall  no  longer  have  any 
right  upon  or  interest  in  said  additional  right-of-way. 
Permits,  Ordinances,  Consents,  Etc. 

2.  If  for  the  construction  and  operation  of  said  track  it  be  neces- 
sary to  cross  any  public  street,  highway,  or  alley,  or  any  public  prop- 
erty whatsoever,  and  if  the  consent  of  any  municipality,  county,  state,  or 
of  other  lawful  public  body  shall  at  any  time  be  required  for  the  con- 
struction or  operation  of  said  track,  the  Shipper  shall  at  his  own  expense 
obtain  and  secure  for  the  Company  all  necessary  permits,  consents,  acts 
or  ordinances  of  any  nature  whatsoever.  In 'case  any  such  body  shall  pass 
any  rule,  ordinance,  order  or  other  act  which  in  any  way  affects  said 
track,  the  Shipper  shall  furnish  all  facilities  necessary  on  his  part  to  se- 
cure compliance  therewith,  and  shall  pay  all  expenses  incurred  thereby. 
Construction. 

3.  The  Shipper,  at  his  own  expense  and  subject  to  the  approval  of  the 
Chief  Engineer  of  the  Company,  shall  furnish  and  do  everything  required 
to  grade  and  prepare  the  roadbed  for  said  track,  including  the  construc- 
tion of  any  culverts,  drains,  bridges,  trestles,  fences  or  other  structures 
that  may  be  necessary,  except  that  by  mutual  agreement  this  work  may  be 
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performed  by  the   Company,  in  which  case  the   Shipper  shall   reimburse 

the   Company   for   the  actual   expense,   including per   cent,    on 

the  cost  of  labor  and per  cent,  on  the  cost  of  material. 

The  Company  shall  furnish  and  do  everything  required  to  lay  and 
complete  the  track  above  subgrade,  including  the  turnout  switch,  at  the 
expense  of  the  Shipper,  except  as  follows: 


Advance  Payment. 

4.  Within ( )  days  after  the  execution  of  this 

agreement    the    Shipper    shall    deposit    with    the    Company    the    sum    of 

Dollars  ($ ) .  being  the  estimated  cost 

of  the   material  to  be   furnished  and  the   work  to  be   performed  by  the 
Company     in     the     construction     of     said     track.       Until     said     sum     of 

Dollars  shall  have  been  so  deposited,  this  agreement  shall 

not  become  binding  upon  the  Company. 

Adjustment  of  Cost. 

5.  If  the  actual  cost  exceeds  the  estimated  cost,  then  upon  receipt 
of  a  statement  from  the  Company  of  the  actual  cost,  the  Shipper  shall  pay 
to  the  Company  the  difference  between  said  actual  cost  and  said  estimated 
cost,  and  if  said  actual  cost  is  less  than  said  estimated  cost,  the  Com- 
pany shall   refund  the  difference  to  the   Shipper. 

Rental. 

6.  For  the  use  of  land,  structures  and  material  owned  by  the  Com- 
pany for  said  track,  the  Shipper  shall  pay  to  the  Company  an  annual 
rental  of Dollars  ($ ),  payable  in  equal  quar- 
terly installments,  in  advance. 

Maintenance  and  Operation. 

7.  The  said  track,  together  with  switch  lamps,  signals  and  interlock- 
ing devices  required  in  connection  with  its  operation,  shall  be  maintained 
by  the  Company  at  the  expense  of  the  Shipper.  The  operation  of  said 
switch  lamps,  signals  and  interlocking  devices  shall  be  under  the  direction 
of  the  Company,  at  the  expense  of  the  Shipper. 

Ownership. 

8.  That  part  of  said  track  located  on  the  right-of-way  of  the  Com- 
pany shall  be  and  forever  remain  the  property  of  the  Company. 

Control. 

9.  The  Company  shall  have  the  right  to  enter  upon  said  track 
for  the  purpose  of  construction,  maintenance  and  operation,  or  if  this 
agreement  shall  be  terminated  as  hereinafter  provided,  for  the  purpose 
of  removing  the  part  of  said  track  beyond  its  right-of-way. 
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Use  and  Extension. 

10.  The  Company  shall  have  the  right  to  use  said  track  for  general 
railroad  purposes,  and  to  extend  said  track,  or  to  connect  other  tracks 
thereto,  for  the  use  of  other  shippers,  providing  such  use,  extension  or 
connection  does  not  unreasonably  interfere  with  the  business  of  the 
Shipper. 

The  Shipper  shall  not  permit  others  to  use  said  track,  nor  permit  any 
other  railroad  company  to  connect  its  tracks  thereto  without  the  written 
consent  of  the  Company,  nor  assign,  transfer,  lease  or  convey  any  of  the 
rights,  privileges  or  obligations  of  this  agreement  to  any  person  or  persons 
without  the  written  consent  of  the  Company. 

Division  of  Rental. 

ii.  If  the  use  of  said  track  be  granted  to  other  shippers,  or  if  said 
track  be  extended  to  serve  other  shippers,  as  provided  in  Section  io 
hereof,  the  Company  shall  credit  the  shipper  an  amount  which  is  in  the 
same  proportion  to  the  charges  for  rental,  maintenance  and  operation  as 
referred  to  in  Sections  6  and  7,  that  the  number  of  cars  handled  on  said 
track  for  parties  other  than  the  Shipper  bears  to  the  total  number  of 
cars  handled  on  said  track  during  the  period  for  which  said  total  was 
computed. 

Changes  and  Enlargement. 

12.  If  any  rearrangement,  extension  or  enlargement  of  said  industry 
track  or  structures  shall  at  any  time  be  required  by  reason  of  any  change- 
in  the  Company's  track,  or  tracks,  or  because  of  any  changes  in  the 
operating  practice  of  the  Company,  or  for  any  other  cause,  or,  if  in  the 
opinion  of  the  Chief  Engineer  of  the  Company  the  introduction  of  signals 
or  any  other  protective  appliances  shall  be  necessary  in  connection  with  said 
industry  track,  such  parts  of  the  work  shall  be  done  by  the  Shipper  and 
the  Company,  respectively,  as  the  Chief  Engineer  shall  determine,  and  the 
cost,  rental  and  charges  for  maintenance  and  operation  shall  be  borne  on 
the  basis  provided  in  the  foregoing  sections  for  the  original  construction, 
rental,  maintenance  and  operation  of  said  industry  track. 

If  said  change  in  the  Company's  track,  or  tracks,  is  of  such  a  nature 
as  to  render  advisable,  in  the  opinion  of  the  Chief  Engineer  of  the  Com- 
pany, the  temporary  discontinuance  of  said  industry  track,  the  Shipper 
agrees  that  the  Company  may  so  discontinue  said  industry  track,  and 
hereby  waives  all  claims  therefor. 

Freight  Routing. 

13.  In  consideration  of  the  benefits  to  be  derived  herefrom  the 
Shipper  agrees  that  so  far  as  lies  within  his  control,  all  freight  shipped 
to  or  from  said  track  shall  be  so  routed  as  to  travel  the  greatest  prac- 
ticable distance  over  the  lines  owned  or  controlled  by  the  Company 
unless,  in  the  opinion  of  the  Shipper,  rates  are  lower  or  service  better 
over  another  route,  in  which  case  the  matter  shall  be  brought  to  the 
attention  of  the  Company,  and  if  the  Company  shows  that  its  rates  or 
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service  are  as  advantageous  to  the   Shipper  as  those  of  its  competitors, 
then  the  business  of  the  Shipper  shall  be  routed  as  hereinbefore. 

Freight  Guaranteed. 

14.  The   Shipper  further  agrees  to  ship  not  less  than 

carloads  of   freight  annually  from  said  track. 

Liability  and  Indemnity. 

15.  The  Shipper  hereby  assumes  all  risk  and  responsibility  for  de- 
struction of  or  damage  to  his  property  or  that  of  the  Company  or  of  any 
person  or  persons,  whether  by  fire  or  otherwise,  or  of  death  or  injury  to 
any  person  or  persons,  arising  out  of  the  construction,  maintenance  or 
operation  of  said  industry  track,  and  will  defend  and  save  harmless  the 
Company  from  all  claims,  demands,  payments,  suits,  actions,  recoveries 
and  judgments  of  every  description  brought  or  recovered  against  it 
arising  out  of  the  construction,  maintenance  or  operation  of  said  track. 
together  with  all  costs  and  expenses  connected  therewith.  The  Com- 
pany, however,  reserves  the  right  to  join  in  the  defense  of  any  such 
suit  or  action. 

Prevention  of  Accidents. 

16.  The  Shipper  shall  promulgate  and  enforce  upon  its  agents  and 
employes  the  necessary  precautions  and  regulations  for  their  conduct, 
guidance  and  protection,  while  engaged  in  and  about  his  business,  against 
injuries  from  engines,  trains  or  cars  moving  or  standing  upon  said  in- 
dustry track  or  the  main  or  lead  tracks  of  the  Company.  The  Shipper 
shall  take  every  precaution  to  prevent  and  avoid  accidents  of  any  na- 
ture whatsoever  in  connection  with  said   track. 

Clearances. 

17.  The  Shipper  shall  not  erect  nor  permit  to  be  erected  any  build- 
ing or  structure,  nor  permit  any  material  to  be  placed  above  top  of  rail 
within ( )  feet  of  the  nearest  rail  of  said  track- 
on  straight  track,  or  within ( )    feet  on  curves ; 

nor  permit  anything  to  be  placed  above  said  track  lower  than  a  height 
of ( )  feet  above  the  top  of  rail,  unless  permis- 
sion so  to  do  is  granted  in  writing  by  the  Chief  Engineer  of  the  Company. 

Obstructions  and  Inflammables. 

18.  The  Shipper  shall  at  all  times  keep  said  track  free  from  ob- 
structions of  any  nature  whatsoever,  and  shall  guard  against  cars  running 
from  said  track  to  the  main  track  of  the  Company,  and  shall  keep  the 
said  track  and  adjacent  property  free  and  clear  of  inflammable  or  com- 
bustible materials. 

Load  and  Unload. 

19.  The  Shipper  shall  promptly  load  and  unload  his  freight  at  his 
own  expense  and  shall  fully  comply  with  the  car  service  and  demurrage 
rules  of  the  Company. 
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Taxes. 

20.  All  taxes  or  assessments  levied  against  said  track  by  any  munici- 
pality, county,  state  or  other  lawful  authority  shall  be  paid  by  the  Shipper. 

Forfeiture. 

21.  If  the  Shipper  shall  at  any  time  fail  to  perform  any  of  the  cove- 
nants herein  contained,   the   Company  may   terminate   this  agreement  by 

giving  the  Shipper days'  written  notice  thereof.     If  at  the 

end  of  the  said days'  time  the  Shipper  still  fails  to  perform 

his  covenants  to  the  satisfaction  of  the  Company,  this  agreement  shall  be- 
come null  and  void,  at  the  option  of  the  Company. 

If  the  number  of  loaded  cars  handled  on  said  track  for  the  Shipper 

is  less  than  the  number  specified  in  Section and  if  in  the  opinion  of 

of  the  Company  the  amount  of  freight  re- 
ceived from  the  Shipper  is  not  sufficient  to  justify  the  continuance  of 
this   agreement,    it   may   be    terminated    by    the    Company   by    giving   the 

Shipper days'  written  notice  of  its  intention  so  to  do.    The 

fact  that  the  Company  has  not  terminated  this  agreement  on  previous 
occasions  when  it  had  the  right  so  to  do  shall  not  be  construed  as  a 
waiver  of  its  rights  to  so  terminate  it  and  shall  not  prevent  the  termina- 
tion of  said  agreement  by  the  Company  on  any  subsequent  occasion  as 
herein  provided. 

Cancellation. 

22.  This    agreement   may   be   canceled   at  any   time   by   either   party 

hereto,  by  giving ( )  days'  written  notice  thereof 

to  the  other.  Notice  shall  be  deemed  given  to  the  Shipper  if  mailed  to 
him  at &?$£?$ ,  or  if  posted  in  a  con- 
spicuous place  on premises.     Notice  shall  be  deemed  given 

to    the    Company    if    mailed    to    its at    his 

office  in 

Removal  of  Track. 

23.  Upon  termination  of  this  agreement  as  herein  provided,  the 
Company  may  disconnect  said  industry  track  and  may  enter  upon  the 
premises  of  the  Shipper  and  may  remove  therefrom  anything  which  is 
owned  by  said  Company,  and  the  Shipper  agrees  to  permit  the  Company 
to  disconnect  said  track,  and  to  remove  its  property,  and  to  prevent  any 
person  or  persons   from  hindering,  molesting  or  interfering  therewith. 

24.  This  agreement  shall  inure  to  the  benefit  of  and  be  binding  upon 
the  parties  hereto,  their  heirs,  executors,  administrators,   successors  and 

assigns  for  a  period  of years    from  the  date  hereof  and 

thereafter  until  canceled  by  either  party  giving  to  the  other 

davs'  written  notice  of  its  intention  so  to  do,  as  hereinbefore  provided. 
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In  Witness  Whereof,  the  parties  hereto  have  executed  this  agree- 
ment in the  day  and  year 

first  above  written. 

Witness  : 


(3)     FORMS   FOR   INTERLOCKING   AND   RAILWAY  CROSSING 

AGREEMENT. 

At  the  request  of  the  Sub-Committee  many  members  of  the  Asso- 
ciation submitted  forms  of  agreement  for  Interlocking,  and  for  Railroad 
Crossings  used  by  their  companies.  The  Sub-Committee  has  been  unable 
to  entirely  complete  the  work  of  tabulating  and  comparing  these  agree- 
ments, and  the  preparation  of  uniform  contract  forms  to  cover. 

Your  Committee  therefore   reports  progress  as  to  these  forms. 

Respectfully   submitted, 
COMMITTEE  ON  UNIFORM  GENERAL  CONTRACT  FORMS 


REPORT    OF    SPECIAL  COMMITTEE  ON  STRESSES  IN 
RAILROAD  TRACK. 

A.  N.  Talbot,  Chairman;  W.  M.  Dawley,  Vice-Chairman; 

A.  S.  Baldwin,  J.  B.  Jenkins, 

J.  B.  Berry,  Geo.  W.  Kittredge, 

G.  H.  Bremner,  P.  M.  LaBach, 

John  Brunner,  C.  G.  E.  Larsson, 

W.  J.  Burton,  William  McNab, 

Chas.  S.  Churchill,  G.  J.  Ray, 

\V.  C.  Cushing,  A.  Reichmann, 

Dr.  P.  H.  Dudley,  E.  Stimson, 

H.  E.  Hale,  F.  E.  Turneaure, 

Robt.  W.  Hunt,  J.  E.  Willoughby, 

Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association  : 

The  Special  Committee  on  Stresses  in  Track  presents  the  following 
report  of  progress : 

It  will  be  recalled  that  the  Committee  of  the  Association  and  the 
Committee  of  the  American  Society  of  Civil  Engineers  are  co-operating 
in  the  work  on  stresses  in  track. 

The  Joint  Committee  has  held  three  meetings  during  the  year.  At  the 
meeting  in  Chicago,  March  16,  1915,  eighteen  members  being  present,  the 
results  of  the  preliminary  tests  made  on  track  were  considered,  the  conduct 
of  experimental  work  for  the  season  was  discussed,  and  a  general  outline 
of  tests  was  agreed  upon  as  the  plan  of  work  for  the  season.  At  the  meet- 
ing held  in  Champaign-Urbana,  June  8,  1915.  seventeen  members  being 
present,  field  tests  on  the  track  of  the  Illinois  Central  Railroad  north 
of  Champaign  were  inspected,  including  static  tests  and  speed  tests  with 
locomotive  and  load  dynamometer  test.  The  program  considered  at  the 
last  meeting  was  discussed  and  the  points  upon  which  it  was  thought 
emphasis  should  be  placed  were  considered  and  a  general  program  ap- 
proved. It  was  decided  to  confine  the  tests  of  the  season  to  one  loca- 
tion. At  the  meeting  in  New  York,  January  18,  1916,  eight  members 
being  present,  there  was  a  general  discussion  of  the  results  of  the  tests 
made. 

The  experimental  work  has  made  satisfactory  progress  during  the 
year.  A  considerable  amount  of  effort  has  been  expended  on  the  develop- 
ment of  instruments  and  methods  of  conducting  the  tests.  It  was  apparent 
in  advance  that  the  problem  was  so  complicated  and  the  conditions  so 
variable  and  the  difficulties  so  great  that  satisfactory  instruments  for 
determining  stresses  could  be  obtained  only  after  long  and  patient  trials. 
Especially  in  the  case  of  the  instrument  for  measuring  strains  in  the  rail 
under  moving  loads  were  difficulties  found  and  it  was  only  late  in  the 
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season,  after  repeated  trials  and  changes,  that  the  instruments  for  meas- 
uring strains  in  the  rail  under  rapidly  moving  loads  were  put  into  accept- 
able form.  It  was  believed  to  be  important  that  these  instruments  should 
make  a  continuous  record  of  the  action  of  the  rail  under  and  between  the 
wheel  loads  of  the  moving  load.  It  was  found  essential  that  the  stresses  on 
both  sides  of  the  rail  be  measured  simultaneously.  A  method  of  finding 
the  depression  of  the  track  under  moving  load  by  photographic  methods 
has  been  developed.  The  measurement  of  stresses  under  static  loads  was 
not  found  to  be  difficult,  although  the  time  consumed  in  this  test  is 
considerable. 

The  field  tests  have  been  conducted  on  the  main  line  of  the  Illinois 
Central  Railroad  north  of  Champaign.  Only  the  general  character  of 
these  tests  can  be  outlined  in  this  progress  report.  Data  were  taken  to 
determine  (i)  the  distribution  of  stresses  and  moments  along  the  rails 
for  a  given  loading,  (2)  the  division  of  vertical  load  among  adjacent 
ties  for  a  given  loading,  (3)  the  distribution  of  vertical  pressures  among 
the  ties,  through  the  ballast,  and  over  the  roadbed,  (4)  the  depression, 
compressibility  or  stiffness  of  the  track,  (5)  the  effect  of  wheel  spacing 
of  some  types  of  locomotives  and  also  the  effect  of  single  and  double 
concentrated  loads,  (6)  the  effect  of  speed  upon  most  of  the  foregoing 
items.  Tests  have  been  conducted  at  speeds  as  high  as  65  miles  per 
hour.  Among  the  variables  of  the  track  were  three  weights  of  rail,  two 
sizes  of  ties,  and  three  depths  of  ballast.  In  addition  to  tests  on  stand- 
ard track,  minor  tests  have  been  made  at  spots  where  uneven  tie  spac- 
ing or  worn  or  decayed  ties  may  affect  the  stresses  developed.  The 
Illinois  Central  Railroad  Company  has  provided  the  locomotives  and 
crew.  The  calculation  and  compilation  of  the  results  has  proved  to 
require  a  great  deal  of  time.  The  data  are  now  being  put  into  shape 
and  it  is  expected  the  results  will  be  ready  soon  for  the  consideration  of 
the  Committee.  The  results  appear  to  give  fairly  definite  quantitative 
values  for  stresses  in  the  rails  and  for  the  general  distribution  of  loads 
and  pressure  under  the  various  conditions  of  the  test.  The  Committee 
believes  that  it  will  be  able  to  determine  the  general  action  of  the  track 
under  moving  loads.  It  is  the  purpose  of  the  Committee  to  report  to 
the  Association  at  an  early  day  the  results  of  the  tests  already  carried  out. 

The  Committee  plans  to  continue  the  tests  during  the  coming  season, 
to  complete  the  matters  already  partly  covered,  and  to  extend  the 
experiments  to  include  other  features,  like  action  on  curves  and  on  track 
of  different  kinds. 

Respectfully  submitted, 

SPECIAL   COMMITTEE    ON   STRESSES    IN   TRACK. 


REPORT  OF  COMMITTEE  I— ON  ROADWAY. 

\V.  M.  Dawley,  Chairman;  J.  A.  Spielmaxx,  V ice-Chairman; 

J.  R.  W.  Ambrose,  L.  G.  Morphy. 

A.  Fi  Blaess,  F.  M.  Patterson. 
S.  P.  Brown.  W.  D.  Pence. 

B.  M.  Cheney,  W.  H.  Petersen. 
W.  C.  Curd,  A.  C.  Prime. 
Paul  Didier,  H.  J.  Slifer, 

S.  B.  Fisher.  \Y.  P.  Wiltsee, 

Frank  Merritt,  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association : 

The  Board  of  Direction  assigned  the  following  subjects  to  your 
Committee: 

i.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
particularly  the  subjects  relating  to  steam-shovel  -work  and  roadbed  sec- 
tions, and  submit  definite  recommendations  for  changes. 

2.  Continue  the  study  of  unit  pressures  allowable  on  roadbed  of 
different  materials,  co-operating  with  Special  Committee  on  Stresses  in 
Railroad  Track. 

3.  Report  on   the  prevention  and  cure  of  ziater  pockets  in   roadbed. 

Two  general  meetings  of  the  Roadway  Committee  were  held  during 
the  year — both  in  Chicago. 

In  apportioning  the  work  of  the  Committee  among  the  members  it 
was  deemed  advisable  to  assign  subject  No.  1  to  two  Sub-Committees.  No. 
i-a,  on  Revision  of  Manual,  including  increased  width  of  Roadbed  Sec- 
tions to  provide  for  increased  depth  of  ballast:  the  other,  No.  i-b, 
on  steam,  electric  and  air  shovels,  dragline  excavating  machinery  and  loco- 
motive cranes,  general  specifications  for,  method  of  handling  and  blank- 
forms  used. 

REVISION   OF  MANUAL. 

Sub-Committee  No.   i-a:     W.  P.  Wiltsee,  S.  B.  Fisher,  W.  D.  Pence. 

A  circular  letter  requesting  standard  roadbed  cross-sections  was  sent 
out  and  thirty-eight  replies  thereto  have  been  received. 

From  an  inspection  of  the  sections  so  far  received  it  does  not  seem 
that  it  is  necessary  to  increase  our  present  recommended  widths  of  road- 
bed to  cover  current  practice,  and  that  is  also  the  opinion  of  most  of 
those  who  expressed  themselves. 

Mr.  H.  E.  Hale.  Chairman  of  the  Ballast  Committee,  reports  that  the 
Ballast  Committee  will  stand  by  their  recommendation  of  24  inches  of  bal- 
last for  Class  A  track  to  secure  an  approximately  uniform  distribution  of 
load  over  the  subgrade,  and  in  case  this  depth  is  adopted  by  the  Associa- 
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tion,  a  width  of  subgrade  of  approximately  26  feet  will  be  necessary  to 
accommodate  the  increased  spread  of  the  ballast. 

It  is  also  possible  that  the  investigation  of  the  distribution  of  pressures 
on  the  roadbed  to  be  conducted  by  the  Joint  Committee  on  Stresses  in 
Railroad  Track  (provided  their  funds  hold  out)  may  develop  that  an  in- 
crease in  width  of  roadbed  is  desirable  from  the  standpoint  of  stability. 

Your  Committee  is  unable  from  information  at  hand  to  make  recom- 
mendations of  different  widths  of  roadbed  required  for  different  depths  of 
ballast  and  recommends  that  the  question  be  held  open  for  further  con- 
sideration next  year. 

In  further  explanation  of  the  subject  of  Haul  and  Overhaul  discussed 
in  last  year's  report  of  the  Committee,  and  to  incorporate  in  our  Proceed- 
ings an  illustrated  method  of  determining  the  proper  distribution  of 
excavated  material  in  the  construction  of  the  roadbed,  the  following 
monographs,  entitled  "The  Profile  of  Quantities."  by  S.  B.  Fisher,  and 
"The  Overhaul  and  Distribution  Diagram,"  by  J.  R.  W.  Ambrose,  are 
submitted. 

Sub-Committee  No.  i-b:  S.  P.  Brown,  A.  C.  Prime,  H.  J.  Slifer, 
Paul  Didier. 

The  following  circular  letter  and  list  of  questions  has  been  sent  to 
sixty-four  representative  members  of  the  Association: 

Dear  Sir: 

As  you  doubtless  know,  we  are  revising  and  enlarging  the  Manual 
of  the  American  Railway  Engineering  Association  relating  to  steam  shovels 
and  mechanical  excavators.  In  order  to  make  our  work  representative 
of  present  practice  and  of  the  greatest  value  to  the  Association  and 
various  railways  that  are  to  benefit  by  it.  we  require  the  co-operation  of 
all  the  more  important  roads,  to  the  extent  of  answering  the  accompanying 
questions. 

Will  you  kindly  turn  the  following  list  of  questions  over  to  one  of 
your  assistants  with  instructions  to  collect  the  desired  information  and 
transmit  it  to  me?  As  this  reply  will  be  treated  confidentially  by  the 
Committee,  he  may  speak  freely  and  discuss  the  various  subjects  referred 
to  without   restraint. 

An  early  and  satisfactory  reply  to  this  communication  will  be  deeply 
appreciated  by  your  Committee  and  will  add  greatly  to  the  value  of  its 
report  to  the  Association. 

Please  answer  the  following  questions  as  fully  and  concisely  as  possi- 
ble and  return  to  S.  P.  Brown,  411  Dorchester  street,  W.,  Montreal. 
Canada,  at  your  earliest  convenience.  Your  answers  will  be  treated  con- 
fidentially by  the  Committee,  so  a  free  and  unrestrained  discussion  and 
criticism  may  be  given  without  hesitation. 

SHOVEL    QUESTIONS. 

1.  What  makes  of  steam  shovels  do  you  use,  and  which  do  you  find 
the  most  satisfactory? 

2.  Why?  Please  criticize  unsatisfactory  shovels  without  hesitation 
or  restraint. 

3.  Do  you  use  any  air  or  electric  shovels  ;  if  so.  what  make,  and  what 
is  your  opinion  and  criticism?     Please  answer  fully. 

4.  What  sizes  of  shovels  do  you  find  best  adapted  for  your  different 
types  of  work? 
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5.  What  accidents,  breakdowns  and  causes  of  delay  do  you  find  most 
common   in   connection   with   your   shovel   work? 

6.  What  parts  most  liable  to  breakage? 

7.  What  parts  most  liable  to  wear? 

8.  What  parts  do  you  stock   for  urgent  repairs  and  replacements? 

9.  What  parts  do  you  have  especially  designed  or  made  of  special 
material,  and  why? 

10.  How  is  all  the  above  affected  by  the  character  of  the  material 
excavated  ? 

11.  Please  send  copies  of  your  specifications,  if  you  do  not  buy 
standard  shovels  under  the  common  manufacturers'  specifications. 

12.  Please  send  conies  of  all  blank  forms  (daily,  weekly,  monthly, 
etc.)  used  in  connection  with  steam  shovel  work,  especially  records  and 
reports. 

13.  Please  volunteer  any  information  of  interest  about  steam  shovels 
or  kindred  machinery,  zvnrk  or  methods.     It  will  help  the  Committee. 

LOCOMOTIVE    CRANES. 

Please  apply  the  foregoing  shovel  questions  also  to  your  locomotive 
cranes  with   the  three  following  questions  in  addition : 

T4.  What  types  and  makes  of  grab  buckets  do  you  find  best  adapted 
tj   your  various   purposes? 

15.  Have  you  ever  used  a  drag  bucket  on  a  regular  locomotive 
crane,   and   if   so.  with   what  success   and  under   what   conditions? 

16.  What  make,  type  and  size  of  drag  bucket  was  it? 

DRAG-LINE    EXCAVATORS. 

Please  apply  the  foregoing  shovel  questions  also  to  your  drag-line 
excavators  with  the  five  following  questions  in  addition  : 

14.  What  size,  type  and  make  of  bucket  do  you  use? 

15.  If  you  have  discarded  other   makes   of  bucket,  why? 

16.  If  bucket  used  is  not  standard,  state  why  and  send  plans  and 
specifications. 

17.  How  does  the  character  of  the  ground  affect  your  wheels  and 
propelling  mechanism,  and  will  it  dig  hard  clay  and  boulders ;  if  so, 
how  large? 

18.  Please  discuss  cables. 

19.  How  does  the  drag-line  excavator  compare  with  the  steam 
shovel,  economically  and  in  capacity? 

SPECIAL    EQUIPMENT 

A.     Hydraulic   Excavators : 

A-i.  What  hydraulic  excavators  have  you  used,  and  with  what 
success? 

A-2.  If  suction,  was  it  for  purposes  of  making  a  fill,  and  how  did 
its  results  compare,  economically,  with  the  more  usual  methods,  and  why? 

A-3.     Send   specifications  and  plans  if  possible. 

A-4.     Give  criticism  and   suggestions. 

A-5.     If  hydraulic  monitor,  was  it  for  cutting  or  filling? 

A-6.  How  did  it  compare,  economically,  with  the  more  usual  methods, 
and  why? 

A-7.     What  makes  of  monitor  and  what  special  parts  did  you  specify? 

A-8.     Give  criticism  and  suggestions. 

B.  If  you  have  used  special  ditching  or  excavating  machines,  as  for 
instance,  the  Harris  Excavator,  please  send  plans  and  specifications  and 
description  with   criticism. 
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C.     Steam  Shovel  Work  and  Train  Filling : 

C-l.  What  types,  kinds  and  sizes  of  cars  do  you  use  with  your  steam 
shovels,  etc.,  for  different  classes  of  work  and  lengths  of  haul? 

C-2.  Please  send  specifications  and  plans,  if  available,  of  the  differ- 
ent cars  found  most  successful,  if  not  standard  manufacturers'  product, 
for  the  different  classes  of  work. 

C-3.     What  unloading  plow  have  you  found  most  satisfactory? 

C-4.  Please  send  plans  and  specifications  for  unloading  plows  and 
accessories,   including  winding  engine,   etc. 

C-5.  Please  send  specifications  and  plans,  if  available,  of  spreaders 
which  you  have  found  most  successful. 

C-6.  At  what  height  of  fill  do  you  normally  stop  lifting  and  com- 
mence trestling?     (First,  on  new  location;  and,  second,  under  traffic.) 

C-7.  How  is  the  above  affected  by  the  length  of  haul,  class  of  equip- 
ment and  kind  of  material? 

C-8.  What  allowance  for  shrinkage,  both  in  width  and  height,  have 
you  found  satisfactory  for  different  heights  of  fill  and  different  ma- 
terials?     (First,   on   new  location;    second,  under  traffic.) 

C-9.  Besides  the  blank  forms  already  requested,  please  send  any 
regular  instructions  issued  to  resident  engineers  or  superintendents,  re- 
garding steam-shovel  work  or  train   filling. 

Note. — Please  make  any  suggestions  or  volunteer  any  information 
relating  to  this  class  of  work  that  are  not  already  covered  by  the  above 
questions.  It  will  be  appreciated  by  the  Committee  and  of  value  to  the 
Association. 

Letters  of  similar  import  were  sent  to  twenty-four  members  of  the 
General  Contractors'  Association,  and  to  forty  manufacturers  of  excavating 
machinery. 

A  comparatively  limited  number  of  replies  have  been  received,  but 
the  number  is  growing  daily,  and  they  arc  usually  intelligent  and  valuable. 

In  view  of  the  importance  of  this  subject,  it  is  deemed  advisable  to 
delay  its  completion  until  we  have  sufficient  information  to  make  it 
thoroughly   comprehensive. 

All  members  are  urged  to  give  the  list  of  questions  careful  considera- 
tion and  to  send  their  answers  thereto  to  Mr.  S.  P.  Brown,  Chairman  of 
the  Sub-Committee,  41 1  Dorchester  St.,  W.,  Montreal,  Canada,  as 
requested. 

(2)     UNIT   PRESSURES   ALLOWABLE   ON   ROADBED   OF 
DIFFERENT  MATERIALS. 

Sub-Committee  :    J.  R.  W.  Ambrose,  Frank  Merritt,  L.  G.  Morphy,  F.  M. 

Patterson. 

Some  further  work  has  been  done  by  the  Sub-Committee  looking 
toward  a  classification  of  soils,  but  the  information  so  far  obtained  is  not 
in  sufficient  harmony  to  justify  the  adoption  of  any  one  classification 
to  the  exclusion  of  others. 

A  classification  designed  for  identification  of  soils  subject  to  pressure 
of  engineering  structures  must  necessarily  deal  with  soils  as  found  in 
their  natural  state,  in  situ,  or,  as  in  the  case  of  the  roadbed,  as  modified 
by    the    excavation,    transportation    and    deposition.      A    classification    of 
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soils,  either  natural  or  artificially  prepared  for  use  in  mortars,  concrete 
work,  cement,  brick,  tile,  porcelain  or  terra  cotta  manufacture  or  as 
molding  sand,  etc.,  may  have  considerable  interest  and  value  from  an 
engineering  point  of  view  as  having  a  bearing  on  the  strength  or  quality 
of  the  product  produced,  but  might  be  of  no  practical  value  for  the 
subsequent  identification  of  a  particular  kind  of  soil  which  had  been 
found   by  test   to   have   a   certain    unit-bearing  power. 

The  object  of  the  Committer  is  to  determine  and  adopt  a  classifica- 
tion which  by  the  application  of  a  simple  field  or  laboratory  test,  prefer- 
ably the  former,  will  enable  the  locating  or  maintenance  engineer  to 
identify  the  soils  of  which  it  is  proposed  to  define  and  limit  the  bear- 
ing   power. 

An  effort  has  been  made  by  the  Committee  to  co-operate  with 
similar  committees  of  other  societies  and  to  take  into  consideration 
the  results  of  research  work  carried  on  by  municipal.  State  and  National 
authorities,  having  a  bearing  on  the  subject-matter  in  hand. 

Mr.  Robert  A.  Cummings.  Chairman  of  the  Soils  Committee  of 
the  American  Society  of  Civil  Engineers,  advises  that  the  forthcoming 
report  of  that  committee  contains  a  proposed  classification  for  all 
kinds  of  soil  and  an  appendix  of  the  scientific  work  which  is  being 
done    by    the    Bureau    of    Standards. 

Some  work  has  been  done  by  the  Joint  Committee  on  Stresses 
in  Railroad  Track  toward  the  determination  of  the  distribution  and 
amount  of  stress  communicated  to  the  roadbed  through  ballast  of 
different  depths,  but  it  has  not  progressed  far  enough  to  enable  this 
Committee  to  base  any  conclusion  as  to  units  pressures  allowable. 

Until  further  work  has  been  done  along  this  line  your  Committee 
can   only  report   progress. 

(3)  REPORT  OX  THE  PREVENTION  AND  CURE  OF  WATER 
POCKETS  IN  ROADBED. 

Sub-Committee :      J.    A.    Spieimann,    YV.    C.    Curd,    A.    F.    Blaess,    W.    H. 
Petersen.   B.   M.   Cheney. 

The  Sub-Committee  has  on  hand  a  large  amount  of  correspond- 
ence which  has  not  as  yet  been  thoroughly  digested ;  some  requiring 
still  further  correspondence  to  bring  out  the  result  of  experiments 
which  have  given  promise  of  success,  after  passing  through  another 
winter  and  spring. 

It  has  been  deemed  advisable  to  delay  drawing  conclusions  until 
the  efficacy   of   the  remedies  adopted   have  been   clearly   demonstrated. 

Your  Committee  hopes  to  be  able  to  conclude  this  subject  during 
the   coming   year. 
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RECOMMENDATIONS    FOR    NEXT    YEAR'S    WORK. 

i.     Make   critical   examination   of   the   subject-matter   in   the  Manual, 

particularly    the    subjects    relating    to    steam    shovel    work    and  roadbed 
cross-sections. 

2.  Continue  the  study  of  unit  pressures  allowable  on  roadbed  of 
different  materials,  co-operating  with  Special  Committee  on  Stresses 
in    Railroad    Track. 

3.  Report  on  the  prevention  and  cure  of  water  pockets  in  roadbed. 

OBITUARY. 

During  the  year  your  Committee  has  lost  one  of  its  valued  mem- 
bers, Mr.  Ward  Crosby,  Chief  Engineer  of  the  Carolina,  Clinchfield 
&  Ohio  Railway,  at  Johnson  City,  Tenn.  He  was  born  in  Canada  in 
1859,  and  entered  the  railway  service  in  1880.  He  was  transitman 
for  three  years  on  the  location  of  the  Mexican  Central  Railroad,  and 
later  Assistant  Engineer  of  the  Boston  &  Lowell  Railroad,  and  its 
successor,  the  Boston  &  Maine  Railroad.  He  went  to  the  Carolina, 
Clinchfield  &  Ohio  Railroad  as  Assistant  Engineer  in  1891,  and  was 
successively  promoted  to  be  Division  Engineer,  Principal  Assistant 
Engineer   and    in    191 1    Chief   Engineer. 

Respectfully   submitted, 

COMMITTEE   ON    ROADWAY. 
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THE   PROFILE  OF   QUANTITIES. 

By    Samuel    B.    Fisher,    Chairman,    Valuation    Committee,    Missouri. 
Kansas   &   Texas   Railway. 

As  no  reference  to  Bruckner's  Profile  of  Quantities  lias  yet  ap- 
peared in  the  Proceedings  of  this  Association,  it  is  inferred  that  it  is 
not  so   widely   known   as   its  merits  deserve. 

To  the  few  Engineers  who  have  used  it,  it  seems  the  most  com- 
plete, accurate  and  satisfactory  method,  not  only  of  computing  oxer- 
haul,  but  for  the  preliminary  and  final  distribution  of  quantities  or 
volumes    in    earthwork. 

It  is  due  to  Bruckner,  a  Bavarian  Engineer,  and  was  first  pub- 
lished in  Cuhlman's  Graphic  Statics,  1868.  It  was  used  1871-73  in 
the  Pennsylvania  Company's  engineering  office  in  Pittsburgh,  and  after- 
ward in  the  South  Pennsylvania  Railroad  work,  1882-85.  The  present 
writer  wrote  a  short  article  on  it  which  appeared  in  Engineering  News, 
January    31    and    February    7,    1891. 

I.  The  first  step  in  making  the  profile  of  quantities  is  the  com- 
pilation   of    the    data. 

To  give  a  complete  record  of  the  work,  the  data  is  arranged  in 
eight   vertical   columns  : 

Column  No.  1  contains  the  station  numbers. 

Column  No.  2  contains  the  total  excavation  in  the  station. 

Column  No.  3  contains  the  total  embankment  in  the  station. 

Column  No.  4  contains  the  quantity  deposited  within  the  station  limits. 
which  is  not  hauled  beyond  the  station,  and  is  the  lesser  of  the  volumes 
in  columns  2  and  3. 

Columns  2,  3  and  4  may  be  omitted  if  a  record  of  the  quantities 
deposited  within  the   station  is  not  desired. 

Columns  5  to  8  are  all  that  are  used  in  making  the  profile. 

Column  5  contains  the  net  volume  of  excavation  on  the  station,  or 
the   difference  between   the   excavation   and   embankment. 

Column   No.   6  contains  the  net   volume  of  embankment. 

The  quantities  in  columns  5  and  6  are  increments.  Excavation  is 
considered  plus  or  positive  and  embankment  is  taken  as  minus  or  nega- 
tive. A  picturesque  appearance  is  given  to  both  tabular  data  and  lines 
m|'  profile,  by  using  blue  ink  for  excavation  and  red  ink  for  embankment. 

The  ordinates  in  columns  7  and  8  are  now  obtained  by  the  algebraic 
addition  of  the  increments  in  columns  5  and  6.  The  ordinate  at  any 
point  is  equal  to  the  algebraic  sum  of  the  excavation  and  embankment 
or  of  the  increments,  and  should  be  verified  at  convenient  points  as 
the  summation  proceeds. 
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II.     The  next  step  is  the  plotting  of  the  profile. 

Ordinary  profile  paper  is  used  for  the  plotting.  Horizontally  the 
stations  are  plotted  as  for  the  profile  of  the  ground.  Vertically,  instead 
of  referring  elevations  to  a  datum  plane,  helow  the  limits  of  the  draw- 
ing, we  take  an  initial  horizontal  line  or  axis  of  abscissas  at  a  convenient 
location  on  the  profile,  from  which  the  ordinates  are  laid  off,  above  for 
plus  and  below  for  minus.  Connecting  the  ends  of  these  ordinates  we 
have  a  broken  line,  which,  in  geometrical  terms,  may  be  called  a  curve. 
This  curve  may  have  a  superficial  resemblance  to  the  ordinary  profile, 
hut  carries  an  entirely  different  meaning. 

If  the  increment,  by  the  addition  of  which  the  ordinate  is  formed 
from  the  previous  one  is  positive,  this  element  will  incline  upward,  will 
indicate  excavation,  and  be  shown  by  a  blue  or  dotted  line.  If  the 
increment  is  negative,  the  element  will  incline  downward,  will  indicate 
embankment,  and  be  shown  by  a  red  or  full  line.  Excavation  on  the 
profile  of  quantities  is  therefore  always  shown  by  an  ascending  line  and 
embankment  by  a  descending  line.  The  greater  the  inclination  of  these 
lines,  the  greater  the  quantities  or  volumes  indicated,  and  vice  versa. 

We  come  now  to  the  Balancing  Line,  which  is  the  most  important 
line  of  the  profile.  The  initial  point  of  this  line  is  the  point  "A,"  the 
beginning  of  the  work  on  the  section.  The  terminal  point,  B.  is  the 
end  of  the  work.  Often  one  or  more  intermediate  points  on  this  line 
are  fixed  by  the  patent  conditions  of  the  work.  For  the  section  under 
consideration,  the  balancing  line  is  drawn  A,  C  and  B. 

From  A  to  C,  station  26759  to  26785+50,  which  shows  embankment 
mi  the  profile  of  ground  surface,  the  material  deposited  was  obtained 
from  shallow  borrow  pits  and  moved  by  teams.  From  C  to  B,  station 
26785-1-50  to  26014.  it  was  steam  shovel  work. 

The  limit  of  free  haul   on   this  work  was  500  feet. 

The  contractors  who  undertook  this  work  got  into  financial  difficulties 
and  failed  to  complete  it.  The  overhaul  was  computed  for  their  final 
estimate. 

III.  The  final  step  is  to  take  oft"  from  the  diagram  the  overhaul 
and  each  item  of  haul  if  wanted. 

The  first  limit  of  free  haul  lies  between  stations  62+50  and  67+50. 
and  is  shown  by  the  broken  horizontal  line  on  the  diagram.  Drawing 
other  horizontal  lines  parallel  to  the  balancing  line  and  the  free  haul 
line  from  each  point  of  flexure  of  the  ascending  curve  representing 
the  excavation,  we  have  successive  lengths  of  haul  and  overhaul.  If 
minute  accuracy  is  desired,  these  lines  of  haul  may  also  be  drawn  to 
points  of  flexure  on  the  descending  curve  or  line  representing  embank- 
ment. For  preliminary  work,  the  volumes  for  overhaul  may  be  read 
off  the  diagram,  but  for  final  estimates  it  is  best  to  compute  them  witli 
the  data,   from  the  table  of  ordinates,  as  is  shown  on  the  diagram. 

The  cut  between  stations  74  and  ~^  is  hauled  back  to  make  the  till 
between   73   and   74   without   overhaul. 
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The  cuts  between  78  and  79  and  between  80  and  82  make  the  fills 
between  75  and  78,  also  between  79  and  80,  without  overhaul. 

The  quantities  between  80  and  85  are  hauled  forward  to  fill  from 
85   to  85+50,  just   reaching  the  limit  of   free   haul. 

No  expansion  or  shrinking  of  material  is  considered  between  A  and 
C.  material  to  replace  shrinkage  being  assumed  to  be  drawn  from  the 
borrow  pits.  From  C  to  15  there  is  an  expansion  of  9  per  cent.,  owing 
to  the  cut  from  G  to  H  being  largely  rock.  Graphically,  this  is  repre- 
sented by  prolonging  the  line  C — B  to  an  intersection  with  the  horizontal 
from  G,  giving  a  point  or  pole  P,  from  which  point  lines  are  drawn 
to  points  of  flexure  on  the  curves  of  quantities.  The  sections  of  these 
polar  lines  lying  between  the  plus  and  minus  curves  are  the  lengths 
of  haul.  The  overhaul  and  the  volumes  are  thus  plainly  shown,  and 
can  be  written  down  from  inspection  of  the  diagram  or  computed  from 
the  table  of  ordinates. 

The  method  above  outlined  assumes  the  expansion  is  uniform  for 
the  entire  cut.  If  the  material  is  of  different  kinds,  an  auxiliary  pole 
can  be  established. 

The  excavation  between  97  and  3-1-70  is  hauled  back  to  make  the 
fill   from  85-I-50  to  97. 

In  a  similar  way  the  excavation  between  03-I-70  and  10  is  hauled 
forward  to  make  the  embankment  from  stations  10  to  14.  all  with  over- 
haul as  shown  on  diagram. 

GENERAL    REMARKS. 

If  instead  of  making  the  fill  between  85+50  and  88  by  hauling 
backward  from  26002 — 4,  it  was  put  in  from  a  borrow  pit  stations  83 — 85, 
it  would  be  so  shown  by  the  portion  of  the  balancing  line  C — D.  In  that 
case  there   would   be  a  corresponding   waste.   EF,  between  2+40  and   4. 

The  system  is,  in  fact,  perfectly  flexible,  and  anything  that  is  done 
on  the  ground  can  be  indicated  on  the  diagram. 

The  profile  of  quantities  is  as  convenient  and  useful  for  the  pre- 
liminary distribution  of  quantities  before  commencing  work  as  it  is  for 
determining  the  overhaul  after  the  work  is  done.  Tor  this  latter  pur- 
pose it  shows  in  advance  the  most  economical  way  to  dispose  of  the 
quantities,  where  to  get  the  excavation,  and  where  to  put  it  in  on  the 
embankment.     In  the  example   in   diagram  it  shows  as   follows: 

Cut,  Sta.  59 — 64,  haul  south,  deposit  Sta.  64 — 73+35. 

Cut,  Sta.  74 — 75.  haul  north  to  Sta.  ~2, — 74. 

Cut,  Sta.  78 — 79  and  80 — 80—50,  haul  north  to  Sta.  75 — 80. 

Cut,  Sta.  80+50—85.  haul  south  to  Sta.  85 — 85—50. 

Cut,  Sta.  97 — 03-1-70.  haul  north  to  Sta.  85+50 — 97. 

Cut,  Sta.  03+70 — 10,  haul  south  to  Sta.  10 — 14. 

With  above  information,  work  can  be  started  at  any  or  all  points 
at  any  convenient  time,  with  the  assurance  that  the  quantities  will  be 
properly  placed. 
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DATA  FOR  PROFILE  OF  QUANTITIES. 
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Appendix  B. 

THE   OVERHAUL  AND   DISTRIBUTION   DIAGRAM. 
By  J.  R.  W.  Ambrose.  Chief  Engineer,  Toronto  Terminals  Railway. 

This  is  a  very  simple  and  efficient  method  of  distributing  material 
and  obtaining  the  resulting  overhaul. 

Method :  The  quantities  are  taken  from  the  profile  in  the  case  of 
preliminary  work  and   from  the  cross-section  notes  for  finished  work. 

For  platting  the  distribution  profile,  we  first  select  a  point  in  the 
fill  outside  of  the  haul  area  such  as  station  140  on  the  accompanying 
diagram,  then  assuming  that  all  embankment  quantities  have  the  phis 
sign  and  all  excavation  quantities  the  minus  sign,  we  plat  the  algebraic 
sum  beginning  at  the  point  selected  and  working  through  the  haul 
district. 

The  line  of  distribution  may  be  laid  to  suit  the  conditions  on  the 
ground  or  it  may  be  adjusted  to  its  most  economical  position  (EE.). 
After  this  line  has  been  located,  the  free  haul  distance  is  then  laid  off 
and  the  yardage  determined,  as  shown  hatched  on  the  diagram.  The 
remaining  yardage  between  the  free  haul  line  and  the  line  of  distribu- 
tion is  then  subdivided  to  conform  to  any  irregularities  much  the  same 
as  any  area  is  determined. 

To  obtain  the  overhaul  the  included  yardage  between  the  subdivisions 
is  multiplied  by  the  average  length  of  the  subdivision  lines,  less  the 
free-haul  distance. 

The  points  where  the  line  of  distribution  and  free  haul  cut  the  mass 
diagram,  if  projected  up  to  the  track  profile,  will  show  the  limits  of 
distribution. 

In  case  of  a  rock  cut,  the  probable  expansion  of  material  is  added 
before  the  distribution  profile  is  platted. 

In  case  a  certain  amount  of  borrow  is  desired  in  the  base  of  an 
embankment  before  finishing  by  haul,  the  amount  of  borrow  is  deducted 
from  the  total  embankment  before  the  distribution  profile  is  platted. 
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REPORT  OF  COMMITTEE  II— ON  BALLAST. 

II.  E.  Hale,  Chairman;  J.  M.  Meade,  V ice-Chairman; 

L.  W.  Baldwin,  C.  C.  Hill, 

D.  P.  Beach,  S.  A.  Jordan, 

\\ .  J.  Bergen,  William  McNab, 

Carl  Bucholtz,  S.  B.  Rice. 

T.  C.  Burpee,  E.  V.  Smith,  , 

( ).  H.  Crittenden,  D.  L.  Sommerville, 

I.  M.  Egan,  F.  J.  Stimson, 

T.  W.  Eatherson,  D.  W.  Thrower, 

H.  L.  Gordon,  R.  C.  White, 

Geo.  H.  Harris,  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

The  Committee  on  Ballast  submits  herewith  its  annual  report  for 
i  9  1 6. 

Two  meetings  of  the  General  Committee  on  Ballast  were  held  dur- 
ing the  year,  the  first  in  Chicago,  on  July  3,  1915.  with  seven  members 
present,  the  second  in  Chicago  on  November  19.  191 5,  with  eleven  mem- 
bers present. 

The  following  subjects  were  assigned  your  Committee  by  the  Board 
of  Direction  : 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Manual. 

and  submit  definite  recommendations  for  changes. 

(2)  Report    on    the    economical   and    efficient    depth    of    ballast,    co- 

operating   with    Special    Committee    on    Stresses   in    Railroad 
Track. 

(3)  Methods  and  cost  of  applying  ballast — 

(a)  Ballasting  by  contract. 

(b)  Mechanical  tamping  and  shoulder  formings. 

(4)  Efficiency  of  various  stone  and  gravel  ballasts. 

(1)     EFFICIENCY  OF  VARIOUS  STONE  AND  GRAVEL 

BALLASTS. 

sub-committee  a. 

J.   M.  Meade,  Chairman ;  C.   C.  Hill, 

D.  P.  Beach,  D.  W.  Thrower, 

T.  W.  Fatherson.  R.  C.  White. 

efficiency  of  stone  ballast. 

The  question  of  efficiency  of  stone  ballast  is  largely  covered  and 
determined  by  the  "physical  tests  of  stone  for  ballast."  which  was  thor- 
oughly investigated  by  your  Committee  several  years  ago  and  the  tests 
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which   were   approved   by   the   Association   are    specified   in   the    Manual. 
The  Committee  has  no  changes  in  these  tests  to  recommend. 

Your  Committee  feels  that  the  above  physical  tests  of  stone  for 
ballast  are  the  best  tests  which  have  come  to  the  attention  of  the  Com- 
mittee to  date,  and  while  no  absolute  formula  based  on  these  tests  has 
been  proposed,  yet  the  tests  give  a  very  full  idea  of  the  character  of  the 
stone. 

EFFICIENCY    OF    GRAVEL    BALLAST. 

Your  Committee  in  its  discussions  for  several  years  has  felt  that  the 
old  specifications  for  gravel  ballast,  "30  to  35  per  cent,  sand,"  was  not 
sufficient  and  that  some  further  specifications  as  to  the  proportion  of 
various  sizes  of  gravel  should  be  made. 

Stretches  of  track  have  been  selected  where  the  results  from  the  use 
of  the  ballast  were  known,  and  samples  of  the  ballast  have  been  tested 
to  determine  the  per  cent,  of  various  sizes  of  gravel  used  in  the  ballast 
as  follows : 

Per  cent,  of  material  passing  through  screen  with  1/10-inch  mesh. 

Per  cent,  of  material  passing  through  screen  with  *4-inch  mesh  and 
retained  on  screen  with   1/10-inch  mesh. 

Per  cent,  of  material  passing  through  screen  with  J^-inch  mesh  and 
retained  on  screen  with  *4-inch  mesh. 

Per  cent,  of  material  passing  through  screen  with  i-inch  mesh  and 
retained  on  screen  with  ^-inch  mesh. 

Per  cent,  of  material  retained  on  screen  with  i-inch  mesh. 

The  results  of  five  such  tests  with  photographs  showing  actual  size 
of  ballast  are  given  in  Appendix  B. 

The  number  of  tests  made  are  too  few  to  arrive  at  a  definite  con- 
clusion and  it  is  the  recommendation  of  the  Ballast  Committee  that  a 
large  number  of  similar  tests,  possibly  fifty  or  more,  should  be  made, 
as  it  is  felt  the  result  will  indicate  what  per  cent,  of  each  size  of  gravel 
will  produce  the  best  results. 

An  effort  has  been  made  to  classify  different  kinds  of  ballast  in  the 
order  of  their  desirability.  This  has  been  found  very  difficult  on  account 
of  certain  ballast  being  considered  best  for  certain  conditions,  whereas 
other  kinds  of  ballast  are  considered  most  satisfactory  for  other  conditions. 

CONCLUSIONS. 

Your  Committee  recommends  the  following: 

It  is  generally  conceded  that  stone  ballast,  as  defined  by  the  Manual, 
is  the  most  efficient  ballast,  and  experience  has  demonstrated  that  the 
other  ballast  materials  fusing  the  definition  for  each  as  appearing  in  the 
Manual)  should  fall  in  the  following  order  of  efficiency: 

(1)  Stone. 

(2)  Broken    Slag    (not   granulated). 

(3)  Gravel. 

(4)  Chatts. 

(5)  Burnt  Clay  or  Gumbo. 

(6)  Cinders. 
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The  efficiency  of  gravel  for  ballast  in  the  opinion  of  your  Committee 
is  much  improved  by  washing,  for  the  following  reasons : 

(a)  Washing  removes  clay,  dust  and  other  undesirable  materials. 

(b)  If  the  washing  plant  is  properly  arranged  the  desired  per  cent. 

of  each  size  of  gravel  can  be  placed  in  the  ballast  during 
the  process  of  washing. 

Your  Committee  obtained  a  very  complete  report  made  in  1913  of 
the  Brookhaven  Ballast  Washing  Plant,  which  is  a  very  efficient  plant, 
and  the  Committee  was  fortunate  to  have  this  report  checked  and  revised 
in  191 5.  A  copy  of  this  report,  including  sketches  of  the  general  layout 
and  detailed  sketches  of  the  method  of  washing,  is  printed  in  Appendix  C. 

One  part  of  particular  interest  in  this  washing  plant  is  the  method 
of  separating  the  clay  (appearing  in  considerable  quantities  in  certain 
strata )  from  the  sand  and  gravel  without  the  loss  of  sand  or  gravel  and 
permitting  considerable  profit  from  the  sale  of  clean  sand  and  gravel 
of   various   sizes. 

This  report  printed  in  Appendix  C  is  called  to  the  particular  attention 
of  the  Association. 

.METHODS  AND  COST  OF  APPLYING  BALLAST. 

SUB-COMMITTEE   B. 

H.  L.  Gordon.  Chairman;  S.  B.  Rice. 

Carl  Bucholtz,  E.  V.  Smith, 

J.  M.  Egan,  D.  L.  Sommerville. 
S.  A.  Jordan, 

The  mechanical  tie  tamper  has  been  in  experimental  use  on  the 
following  railroads : 

Bessemer  &  Lake  Erie.  New    York,    New    Haven   &   Hart- 
Boston  &  Albany.  ford. 
Boston  Elevated.  Pennsylvania. 
Delaware,  Lackawanna  &  Western.       Pittsburgh  &  Lake  Erie. 
Erie.  Queen  &  Crescent. 
Hudson  &  Manhattan.  St.    Louis    Merchants    Bridge    Ter- 
Lehigh  Valley.  minal 
Long  Island.  Union  Pacific. 
Michigan  Central.  Washington  Terminal. 
New  York  Central. 

The  results  of  tests  of  the  use  of  the  mechanical  tie  tamper  reported 
to  your  Committee  are  as  follows : 

Delaware,  Lackazvaiuia  &   Western  Railroad. 

"The  Pneumatic,  or  Mechanical  Tamping  Machine,  as  made  by  the 
Ingersoll-Rand  Company  and  purchased  by  this  company  having  a  com- 
pressor and  gasoline  engine,  same  being  equipped  with  two  tampers 
driven  by  compressed  air  furnished  by  this  machine,  requiring  a  man 
to  operate  said  machine,  using  about  one  gallon  of  gasoline  per  hour  for 
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its  operation,  requiring  a  man  for  each  tamper.  This  machine  having  been 
carefully  tested  out  on  our  line  during  the  summer,  we  cannot  see  that- 
same  has  any  advantage  from  a  cost  standpoint  over  hand  tamping.  In 
fact,  our  figures  indicate  an  increased  cost  with  this  machine  over  hand 
tamping,  as  the  cost  indicates  2c  per  tie  for  mechanical  tamping  and 
i.8c  per  tie  for  hand  tamping.  Therefore  we  do  not  favor  the  use  of  a 
two-tamper  outfit  account  of  the  smallness  of  the  unit.  We  do,  however, 
favor  a  mechanical  tamping  outfit  equipped  with  four  tampers  that  will 
represent  the  equivalent  of  eight  men.  Such  a  machine  will  reduce  the 
cost  below  the  cost  of  hand  tamping  and  meet  every  requirement  now 
met  by  the  two-unit  machine.  We  do  believe  that  such  a  machine  will 
some  clay  be  universally  used   for  the  tamping  of  track." 


TEST  OP  MECHANICAL  TIE  TAMPER. 

Daily  Record  of  Tie  Tamping  Machine 

for  the  Month  of  September. 

1914. 

Pate 

Hours 
Machine 

Gasoline 

Value 

Oil 

Used 
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Foremar 

Laborers 

Machine 
Operating 

No. Ties 

Total  Cost 

.... 

Worked 

Used 

Qts. 

Exp. 

Hrs 

.Exp. 

Expense 

Tamped 

Op.  Machine 

1 

9 

10 

$1.00 

3 

.15 

$1.20 

36 

$5.76 

$2.50 
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$10.61 

2 

9 

10 

1.00 

3 

.15 

1.20 

36 

5.76 

2.50 

536 

10.61 

4 

5 

9 

12 

1.20 

3 

.15 

1.20 

36 

5.76 

2.50 

513 

10.81 

6 

8 

g 

.90 

2 

.10 

1.20 

32 

5.12 

2.50 

517 

9.82 

7 

** 

13 

1.30 

3 

.15 

1.20 

38 

6.08 

£.50 

468 

11.23 

8 

9 

11 

1.10 

3 

.15 

1.20 

36 

5.76 

2.50 

492 

10.71 

9 

9* 

12 

1.20 

3 

.15 

1.20 

38 

6.08 

2.50 

550 

11.13 

10 

Overhaul 
ing 

11 

Machine 

12 

8 

11 

1.10 

2 

.10 

1.20 

38 

6.08 

2.50 
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10.98 

13 

13 

1.30 

3 

.15 

1.20 

38 

6.08 

2.50 
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11.23 

14 

9 

11 

1.10 

2 

.10 

1.20 

36 

5.76 

2.50 

552 

10.66 

15 

8 

9 

.90 

2 

.10 

1.20 

32 

5.12 

2.50 

527 

9.82 

lo 
17 
18 

9 

12 

1.20 

3 

.15 

1.20 

36 

5.76 

2.50 

530 

10.81 

19 

9i 

12 

1.20 

2 

.10 

1.20 

38 

6.08 

2.50 

549 

11.08 

20 

9 

12 

1.20 

3 

.15 

1.20 

36 

5.76 

2.50 
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10.81 

21 

9 

12 

1.20 

3 

.15 

1.20 

56 

5.76 

2.50 

530 

10.81 

22 

9| 

13 

1.30 

3 

.15 

1.20 

38 

6.08 

£.50 

570 

11.23 

25 
24 

9-1 

13 

1.30 

2 

.10 

1.20 

38 

6.08 

2.50 

582 

11.18 

25 
26 

9 

11 

1.10 

p 

.10 

1.20 

36 

5.76 

2.50 

535 

10.66 

27 

9 

11 

1.10 

2 

.10 

1.20 

36 

5.76 

2.50 

540 

10.66 

26 

*i 

13 

1.30 

2 

.10 

1.20 

ze 

6.08 

2.50 

565 

11.18 

29 

9 

12 

1.20 

2 

.10 

1.20 

36 

5.76 

2.50 

575 

10.76 

30 

9* 

13 

1.30 

2 

.10 

1.20 

38 

6.08 

2.50 

592 

11.18 

Co 

st  per  t 

Lfi,  $.02 

Total- - 

12042 

|240.55 

Neiv  York,  Nezv  Haven  &  Hartford  Railroad. 

"We  have  made  a  comparative  test  of  one  of  these  Pneumatic  Tie 
Tamping  machines  compared  with  hand  labor.  The  total  expense  for 
tamping  with  machine  and  with  hand  labor  was  taken  for  a  period  from 
July  26th  to  August  18th,  this  year.  The  average  cost  of  tamping  a  tie 
with  the  machine  for  that  period  was  $0.0517  per  tie,  the  cost  varying 
from  day  to  day,  from  $0.0392  to  $0.0930  per  tie.  The  cost  of  hand 
tamping  for  the  same  period  was  $0.0651  per  tie,  the  cost  varying  from 
day  to  day,  from  $0.0444  to  $01009  per  tie.  Traffic  conditions  caused 
the  difference  in  price  from  day  to  day. 

"These  figures  are  based  upon  the  use  of  five  men  and  a  foreman 
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with  each  machine  and  I  consider  that  further  economies  can  be  made ; 
in  fact,  we  have  reduced  our  gang  to  four  men  and  a  foreman. 

"We  are  planning  to  purchase  three  more  of  these  machines  and 
then  it  is  proposed  to  work  them  together  and  have  at  least  two  machines 
under  the  supervision  of  one  foreman  with  one  man  to  look  after  the 
four  compressors  and  three  men  with  each  tamping  machine.  With  this 
arrangement  I  believe  that  we  can  reduce  the  cost  of  tamping  to  below 
$0.04  per  tie.  As  the  work  that  we  are  doing  with  these  machines  is 
in  a  more  or  less  undeveloped  stage,  these  figures  merely  show  what 
can  be  done  under  favorable  conditions,  and  I  believe  that  later  in  the 
season  we  will  be  able  to  give  you  figures  that  are  of  considerably  more 
value.  I  will  be  glad  to  keep  this  matter  in  mind  and  let  you  know  what 
results  are  secured." 

Erie  Railroad. 

"Replying  to  your  letter  of  September  30,  and  supplementing  my 
letter  of  August  27,  and  referring  to  other  correspondence  with  reference 
to  thirty  days'  test  of  the  Ingersoll-Rand  Pneumatic  tie  tamping  outfit 
inaugurated  on  the  Susquehanna  Division,  August  11,  1915,  which  is  now 
complete. 

"This  test  was  conducted  by  the   local  officials  of  the  Susquehanna 
Division  assisted  by  representatives  from  this  office  and  such  test  reported 
on  by  such  parties;  also  by  the  Superintendents  or  Division  Engineers  of 
other  divisions  on  lines  east  of  Salamanca.     The  device  furnished  is  what 
is  known  as  a  'two-tamper'  machine,  i.  e.,  it  was  equipped  with  two  tamp- 
ing arrangements.     In  its  operation  the  following  men  were  employed : 
Two  men  operating  the  tampers; 
One  man  for  picking  away  from  the  ties  or  filling  in ; 
One  man  with  jack; 
Foreman  supervising ; 
Total,  five  men. 
"The  two  men  doing  work  other  than   operating  the  tampers  about 
the  machine  in   its   operation   are  necessary   to  get  the  utmost   from,  the 
machine  and  to  change  off  with  the  two  men  operating  the  tampers  who 
must  be  relieved  from  time  to  time  as  the  vibration  received  from  hold- 
ing the  tampers  is  so  heavy  that  one  set  of  men  cannot  make  continuous 
operation. 

"With  the  organization  we  found  that  the  cost  to  tamp  ties  with  the 
device  in  stone  ballast  was  $0,036  per  tie,  comparing  with  a  similar  cost 
tamping  by  hand  with  pick  of  $0,034  Per  tie,  and  that  corresponding  prices 
prevailed  in  the  handling  of  the  work  with  each  of  the  systems  in  slag, 
gravel  or  cinder  ballast.  Therefore,  the  results  from  our  experiment  so 
far  with  this  'two-tamper'  machine  indicate  that  the  cost  of  tamping  with 
this  device  is  about  the  same  as  manually  with  picks,  but  the  results 
obtained  are  very  much  better  in  that  there  is  more  uniformity  obtained 
and  the  track  stays  up  better  after  the  tamping  is  done.  In  developing 
this  test  consideration  has  been  given  to  lengthening  the  sectional  divisions 
of  our  territory  as  a  result  of  the  use  of  these  machines,  but  as  the 
work  of  surfacing  constitutes  only  a  moderate  proportion  of  the  season's 
work  on  each  section,  it  is  not  felt  advisable  to  take  such  action,  which 
would  result  in  less  supervision,  and  supervision  is  greatly  needed  in  our 
track  work  now. 

"The  machine  furnished  does  not  appear  to  be  as  well  designed  for 
the  best  results,  as  it  easily  could  be,  and  the  following  defects  which,  it 
is  believed  could  be  readily  modified  as  indicated  later  on,  were  noted 
by  our  men : 

"Due  to  the  fact  that  the  main  shaft  is  connected  throughout  with 
both  the  air  compressor  and  engine  together  with  the  sprocket  or  driving 
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wheel,  fan,  etc.,  it  was  oftentimes  difficult  to  start  the  apparatus,  especially 
on  cold  mornings,  of  which  we  had  a  number  which  were  relatively 
cold  during  the  months  of  August  and  September,  1915,  on  the  Susque- 
hanna Division,  but  which  conditions  would,  of  course,  be  greatly  aug- 
mented later  on  in  the  season.  This  would  delay  the  operation  of  the 
machine  getting  started  in  the  morning  sometimes  an  hour.  It  is  be- 
lieved this  fault  could  be  overcome  by  supplying  a  clutch  to  throw  in  after 
the  engine  had  warmed  up  thoroughly  and  was  capable  of  carrying  the 
load  necessary  to  operate  the  machine. 

"The  instructions  received  for  the  operation  of  the  machine  pro- 
vided for  the  use  of  a  heavy  grade  of  oil  in  the  compressor  parts,  etc. 
This,  we  found,  during  the  colder  weather  tended  to  stiffen  and  retard  the 
operation  of  the  machine.  By  an  experiment  made  substituting  lighter  oil 
this  was  overcome  and  no  ill  results  noted. 

"Another  trouble  experienced  was  in  the  operation  of  the  hose  con- 
nections, which  were  of  rubber  equipped  with  wire  clamps.  Incidental 
to  the  vibration  of  the  machine  and  passage  of  the  warm  air  through  the 
hose  the  latter  would  quickly  deteriorate  on  the  connections,  enlarging 
the  inside  diameter,  loosening  the  clamps  and  destroying  the  connections. 
Our  suggestion  is  that  metal  clamps  with  bolts  be  furnished  instead. 

"Another  suggestion  made  was  that  instead  of  having  a  hose  leading 
from  the  machine  to  each  of  the  pneumatic  tampers  that  but  one  main 
hose  be  used  from  the  machine  to  within  about  25  ft.  of  the  tampers  with 
'Y'  connections  furnished  therefrom  as  may  be  necessary.  This  would 
save  time  and  labor  in  starting  the  operation  of  the  machine;  also  reduce 
the  cost  account  less  hose  required. 

"Another  suggestion  made  is  that  the  various  connections  subject  to 
air  pressure  and  vibration  be  all  equipped  with  bolts  supplied  with  nut 
locks  to  prevent  the  ill  effects  of  the  vibration  in  loosening  connections. 

"Another  suggestion  is  that  some  device  be  developed  to  go  with 
the  machine  so  that  it  may  be  easily  removed  from  the  track.  The 
present  compressor,  engine,  etc.,  weighs  about  2,000  lbs.  and  makes  it 
necessary  to  have  at  least  four  men  to  lift  the  machine  from  the  tracks 
and  afford  a  man  to  flag  as  may  be  necessary,  whereas  it  is  thought  that 
this  number  could  be  lessened  after  men  were  familiar  with  its  operation 
based  on  using  only  the  minimum  number  necessary  to  operate  the  machine 
and  not  work  with  the  idea  of  having  men  available  to  move  the  machine 
quickly  from  the  tracks  at  all  times  as  is  now  necessary. 

"It  is  understood  that  the  Ingersoll-Rand  Company,  which  developed 
this  device,  is  now  getting  out  an  improved  apparatus  embodying  more 
or  less  of  the  above  suggestions  and  designed  with  four  tie  tampers  in- 
stead of  two,  with  which  the  machine  we  had  was  equipped. 

"Such  a  machine  would  result  in  greater  economy  and  we  would  recom- 
mend that  sufficient  of  these  improved  machines  be  purchased  to  the  extent 
of  one  for  each  Supervisor's  territory  on  the  New  York  Division  main 
line,  Susquehanna  Division  and  the  eastern  sub-division  of  the  Buffalo 
Division,  or  seven  in  all  for  use  next  season.  We  would  further  recom- 
mend that  the  present  machine,  which  was  tested  on  the  Susquehanna 
Division,  be  returned  to  the  manufacturer  and  not  retained  in  view  of 
the  recommendation  made  as  to  the  purchase  of  the  machines  of  the 
h»w  type." 

The  difference  in  cost  of  tamping  by  the  mechanical  tamper  as 
reported  in  the  second  above  test  is  probably  due  to  different  methods 
of  accounting,  but  the  comparative  figures  taken  for  each  test  separately 
are  of  much  interest. 

In  the  August,  1915.  Bulletin  (Vol.  17,  No.  T78,  page  195)  of  the 
American    Railway    Engineering    Association,    Mr.    George    W.    Vaughan, 
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Engineer  Maintenance  of  Way,  New  York  Central  Railroad  East  of 
Buffalo,  reported  results  of  the  mechanical  tie  tamper  used  on  the  New 
York  Central. 


Fig.  i.     Electric  Tie  Tamper. 


The  following  photographs  show  various  views  of  the  mechanical 
tampers  illustrating  the  size  of  the  tamper  and  the  method  of  using  it. 
Some  of  these  photographs  are  a  reproduction  of  cuts  previously  issued 
in  various  reports,  but  all  are  reprinted  here  in  an  effort  to  show  more 
completely  the  operation  of  this  machine. 
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Fig.  2.     Electric  Tie  Tamper. 
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Fig.  3.     Pneumatic  Tie  Tamper. 
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Fig.  4.     The  Pneumatic  Tie  Tamper  at  Work. 


;  ALL  A  ST. 


Fig. 


Resurfacing  with    Pneumatic  Tampers. 


Fig.  6.     This  Shows  the  Pneumatic  Tamper  in  Operation  on  Track 

Where  Xew  Rails  Were  Laid.    Ties  Were  Being  Spaced  and  the 

Track  Ballasted  and  Lifted  from  Two  to  Four  Inches. 


334 


BALLAST. 


Fig. 


7.    The  Pneumatic  Tamper  Permits  Tamping  in  Places  More 
or  Less  Inaccessible  by  Other  Methods. 


Fig.  8.     Track   Gang  Riding  on   Motor  Car  That  Produces   Power  to 
Operate  Mechanical  Tamper. 
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Fig.  9.    Motor  Car  Being  "Set  Off"  the  Track. 


Fig.  10.    Motor  Car  Removed  From  Main  Track. 
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Fig.  ii.     Pneumatic  Tampers  in  Operation. 


Fig.  12.     Pneumatic  Tampers  in  Operation. 
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Fig.   13.     Tamping  a  Crossover  in  Yards. 


Fig.  15.     Tamping  Outfit. 
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Fig.  14.    A  Night  Gang  Tamping  Ties  in  the  River  Tubes. 

conclusions. 

With  the  data  now  available  in  the  tests  herein  referred  to,  your 
Committee  feels  unwilling  to  make  any  definite  recommendations  in  regard 
to  the  mechanical  tie  tamper,  but  trusts  that  further  development  and 
tests  of  the  mechanical  tamper  will  place  the  Committee  in  a  position 
to  make  a  more  detailed  report  and  more  definite  recommendations. 


BALLAST  FORMERS. 

The   following  is  a  report  of  the  Ballast  Formers  used  on  the  Santa 
Fe,  together  with  photographs  illustrating  method  of  operating  same: 
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"Attached  are  five  photographs  of  the  Cafferty-Markle  device  on 
Car  No.  199707  which  has  heen  in  use  on  the  Eastern  Division.  Fig. 
16  shows  the  devices  fastened  up  for  handling  on  the  road.  It  will 
be    noted    this    arrangement    consists    of    a    regular    ballast    plow    ahead 


Fig.   16.     Cafferty-Markle  Ballast  Spreader  and  Former  with    Plow 
and  Wings  Raised  for  Handling  on  Road. 

of  a  shaping  board,  there  being  on  the  front  end  of  the  car  a  four- 
thousand-gallon  capacity  tank.  We  carry  about  2000  gallons  of  water  in 
this  tank  for  weighting  the  car  down.  You  will  notice  just  behind  the 
shaping  board  there  is  a  sprinkler  pipe  which  we  used  to  sprinkle  the 
ballast. 


Ballast    Spreader    and    Former    with    Plow    and    Wings 
Lowered  for  Operation. 
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"Fig.  17  shows  the  devices  let  down  on  ballasted  track.  They  are 
ready  for  operation,  except  that  there  is  no  ballast  in  the  track. 

"Fig.  18  is  looking  at  the  car  from  the  rear  end,  devices  all  in  position 
for  traveling  on  the  road.  Fig.  19  is  looking  at  the  car  from  side  after 
ballast  has  been  dropped  in  the  track,  both  plow  and  shaper  in  operation. 


Fig.  18.     End  View  of  Ballast  Spreader  and  Former. 

Fig.  20  is  looking  from  side,  plow  shaper  and  sprinkler  in  operation. 
Fig.  21  shows  track  skeletonized  ready  for  dropping  ballast.  Fig.  22  shows 
track  after  ballast  has  been  dropped  and  Cafferty-Markle  device  has 
passed  over  it.     Fig.  23  shows  the  ballast  after  having  been  dressed. 
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Fig.  19.     Ballast  Sprkader  and  Formes  in  Operation*. 

"The  appliances  are  handled  hy  air.  The  shaping  wings  are  raised 
and  folded  back  for  transporting. 

"As  to  the  cost  of  the  machine,  we  can  only  make  a  close  estimate. 
There  have  been  so  many  changes  in  developing  it  up  to  the  present 
stage  that  it  is  difficult  to  say  just  what  it  would  cost,  but  as  nearly 
as  our  mechanical  people  can  figure  it,  the  Cafferty  device  constructed 
of  new  material  will  cost  approximately  $290.00. 

"It  requires  no  more  labor  for  operating  it  than  we  use  in  operating 
the  ballast  plow.  On  a  test  in  unloading  a  train  of  ballast  it  was 
dropped  in  the  track  and  spread  in  48  minutes.  The  same  amount  of 
rock  was  then  dressed  from  the  condition  shown  on  photograph  No.  6 
to  that  shown  on  Fig.  22  by  17  men  in  the  same  time  it  would  have  taken 
50  men  to  handle  it  had  they  followed  up  an  ordinary  ballast  plow. 


Fig.  20.     Ballast  Spreader  and  Former  in  Operation,  Showing  Jet  of 
Water  Used  to  Sprinkle  Ballast  After  Passing  Over  It. 
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Fig.  21.    Track  Skeletonized  Ready  for  Dropping  Ballast. 


Fig.   22.     Track   After   Ballast   Has   Been   Dropped  and  Ballast 
Spreader  and  Former  Has  Gone  Over  It. 
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Fig.  23.    Track  Showing  Ballast  After  It  Has  Been  Dressed. 


The    following   cuts    illustrate    the    development    of    the    spreader    on 
cars  with  steel  frames  and  the  development  of  the  ballast  formers. 


Fig.  24. 
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Fig.  25. 


Fig.  26. 


CONCLUSIONS. 

Your  Committee  is  of  the  opinion  that  the  use  of  "formers"  to 
shape  the  shoulder  of  the  ballast,  and  also  to  a  large  extent,  the  path 
adjoining  the  ballast,  results  in  considerable  economy.  Up  to  the  present 
time  sufficient  data  has  not  been  obtained  as  to  the  saving  resulting 
from  the  use  of  these  formers  to  make  a  complete  report.  Further  im- 
provements on  spreaders  and  formers  are  now  being  developed,  such 
as  the  operation  of  the  wings  and  formers  by  air  from  a  reservoir 
supplied  from  the  train  line,  etc. 
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BALLASTING   BY   CONTRACT. 

Ballast  has  been  applied  by  contract  on  several  roads.  The  Michi- 
gan Central  Railroad  has  applied  ballast  by  contract  as  per  article  which 
was  published  in  the  Railway  Age  Gazette,  issue  of  June  18,  1915,  page 
1436,  by  John  Evans,  Division  Engineer,  Michigan  Central  Railroad. 
Detroit,  Mich.,  and  reprinted  in  this  report  as  Appendix  A. 

The  Missouri  Pacific  Railway  in  1909  to  191 1  applied  quite  a  large 
amount  of  ballast  by  contract,  conditions  being  as  follows  : 

(a)  Certain  ballast  pits  were  specified  in  the  contract  as  well  as 
the  location  of  the  track  to  be  ballasted  and  the  work  of  "loading, 
hauling  and  unloading  of  ballast  per  cubic  yard  measured  in  the  cars 
at  the  ballast  pit,"  was  paid  for  at  a  special  price  per  cubic  yard — the 
railroad  furnished  the  ballast  cars  and  spreaders  and  the  contractor  fur- 
nished the  locomotives,  steam  shovels  and  all  labor,  including  pay  of 
train  crew  and  supervision. 

(b)  After  the  ballast  was  applied  on  the  track  the  '"ballasting  of 
track  per  cubic  yard  of  ballast  unloaded''  was  paid  for  per  cubic  yard 
at  a  specified  price,  the  contractor  furnishing  all  labor,  tools  and  super- 
vision. 

(c)  The  ties  which  had  to  be  renewed  in  the  track  that  was  being 
ballasted  were  renewed  by  the  contractor,  ''including  the  necessary  re- 
spacing,"  at  a  specified  price  per  tie,  "the  ties  to  be  furnished  by  the 
railroad,"  the  contractor  to  furnish  all  labor,  tools  and  supervision. 

(d)  The  ballast  section  diagram  was  made  a  part  of  the  contract 
and  specified  the  dimensions  of  the  ballast  section,  the  railroad  provided 
inspectors  to  report  the  amount  of  ballast  loaded  and  the  character  of 
work  done  in  ballasting.  The  number  of  ties  to  be  renewed  was  deter- 
mined also  by  the  railroad  inspector. 

(e)  The  contract  required  that  the  track  should  be  maintained  by 
the  contractor  for  a  period  after  the  ballasting  was  completed.  This 
clause  was  inserted  to  insure  good  work  being  done  in  ballasting  and 
particularly  to  insure  proper  tamping  of  ties. 

(f)  The  contract  provided  that  in  case  ballast  was  unloaded  in  excess 
of  the  ballast  section  specified  by  a  diagram  that  the  contractor  should  re- 
load the  excess  ballast  and  distribute  it  where  needed ;  this  was  done  to 
prevent  excess  ballast  being  unloaded,  as  the  work  was  paid  for  per  cubic 
yard. 

CONCLUSIONS. 

Your  Committee  has  had  considerable  difficulty  in  obtaining  good 
comparative  figures  on  the  cost  of  ballasting  by  railroad  company  forces, 
and  by  contract,  due  to  the  different  track  and  other  conditions  existing 
where  ballasting  has  been  done.  They  feel,  however,  that  ballasting  by 
contract  under  certain  conditions  has  given  very  satisfactory  results,  and 
under  certain  conditions  is  more  economical  than  ballasting  by  railroad 
company  forces. 
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THE  ECONOMICAL  AND  EFFICIENT  DEPTH  OF  BALLAST. 

SUB-COMMITTEE    C. 

Geo.  H.  Harris.  Chairman;  O.  H.  Crittenden, 

L.  W.  Baldwin,  William  McNab, 

W.  J.  Bergen,  F.  J.  Stimson. 

The  Chairman  of  the  Committee  on  Ballast  conferred  with  Prof. 
A.  N.  Talbot,  Chairman  of  the  Joint  Committee  on  Stresses  in  Railroad 
Track,  and  Mr.  W.  M.  Dawley,  Chairman  of  the  Roadway  Committee, 
advising  them  of  the  progress  of  the  work  of  the  Ballast  Committee. 
Mr.  Dawley  was  advised  that  no  action  had  been  taken  by  the  Ballast 
Committee  to  change  its  recommendations  made  in  its  last  report  of 
1915  that  the  roadbed  for  single  track  should  be  26  feet  wide  for  Class 
"A"  track,  stone  ballast,  with  a  depth  of  ballast  of  24  inches.  It  was 
suggested  to  the  Committee  on  Stresses  in  Railroad  Track  that  the  test 
recommended  by  the  Ballast  Committee  to  determine  the  depth  of  ballast 
which  would  produce  uniform  pressure  on  subgrade  should  be  made. 
This,  in  the  opinion  of  the  Ballast  Committee,  is  the  only  test  so  far 
suggested  that  would  determine  this  fact  under  actual  operating  condi- 
tions and  without  artificial  devices.  The  artificial  devices  which  have 
been  used  in  most  of  the  previous  tests  do  not  exist  in  normal  condi- 
tions of  track  under  operation,  although  they  are  very  ingenious  and 
give  much  valuable  data  in  the  study  of  the  subject,  therefore  the  Ballast 
Committee's  tests  would  add  valuable  additional  data. 

Taking  into  account  the  three  classes  of  roads  as  defined  by  the 
Manual,  and  their  experience  as  regards  efficiency  with  the  depths  now 
standard  with  them,  the  Chairman  of  the  Sub-Committee  took  up  with 
various  roads,  widely  distributed  as  to  geographical  location,  the  question 
as  to  their  present  practice  relative  to  ballast  depths. 

The  valuation  engineers  of  several  roads  now  in  process  of  valuation 
were  also  requested  to  furnish  information  relative  to  the  actual  depths 
of  ballast  found,  while  tests  were  being  made  for  that  specific  purpose, 
in  connection  with   such  valuation. 

The  number  of  replies  to  both  requests  was  not  large  or  distributed 
enough  to  warrant  a  tabulation,  undoubtedly  due  to  the  fact  that  only 
a  comparatively  few  roads  have  as  yet  made  any  actual  tests  to  deter- 
mine the  depths  of  the  various  kinds  of  ballast  under  each  class  of 
track. 

The  replies,  however,  from  the  several  valuation  engineers,  while 
not  giving  a  large  amount  of  data,  gave  promise  of  some  very  valuable 
data  for  next  year's  report.  In  some  cases  tests  had  not  yet  been  made, 
in  others  the  data  had  not  been  sufficiently  tabulated.  All  from  whom 
information  was  requested  have  agreed  to  furnish  data  as  soon  as  it  is 
available,  although  it  will  not  be  received  in  time  for  incorporation  in 
this  year's  report. 

While  the  number  of  replies  giving  information  as  to  depth  of 
ballast   found  has  not  been  large,  it  is  surprising  to  note  that   in  nearly 
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every  case  the  depth  of  ballasting  materials  given  for  Class  "A"  roads 
is  at  least  equal  to  the  24  inches  recommended  by  the  Committee.  In 
several  cases  a  much  greater  depth  has  been   found. 

Taking  into  account  the  tests  made  in  the  past;  the  mathematical 
deductions  as  to  proper  depth,  and  the  actual  depths  recently  found  in 
work  of  valuation,  or  in  preparation  therefor,  the  Committee  feels  that 
it  cannot  do  otherwise  than  reaffirm  the  conclusion  that  a  combination  of 
ballasting  materials,  approximately  24  inches  in  depth  in  the  aggregate, 
is  necessary  to  insure  uniform  distribution  of  the  load  on  the  roadbed. 

It  is  recognized  that  roadbed  materials  differ  widely;  some  not 
requiring  uniform  distribution  of  the  pressure;  others  requiring  an  almost 
absolutely  uniform  distribution  in  order  to  avoid  excessive  distortion. 
First  may  be  cited  the  roadbed  through  a  rock  cut,  where  only  sufficient 
ballast  is  necessary  to  provide  drainage  and  allow  of  track  maintenance 
work;  second  is  the  extremely  soft  clay  or  muck  roadbed  requiring  the 
most  uniform  distribution  possible. 

The  following  reports  are  given  as  to  the  amount  of  ballast  found 
by  the  Field  Survey  Parties  of  the   Division  of  Valuation: 

Missouri,  Kansas  &  Texas  Railway. 

On  certain  lines  it  was  supposed  that  the  depth  of  ballast  under 
the  ties  was  approximately  3  inches,  whereas  it  was  found  that  the 
actual  depth  was  9  to  10  inches. 

Kansas  City  Southern  Railway. 

Portions  of  the  line  were  supposed  to  have  six  inches  of  ballast 
under  ties,  whereas  18  inches  were  found  to  exist.  Instead  of  applying 
additional  ballast  as  was  previously  intended  with  a  view  of  obtaining  12 
inches  of  ballast,  the  dirt  shoulder  on  the  outside  of  the  ballast  was 
plowed  off  and  additional  clean  ballast  added  for  dressing  purposes.  In 
most  cases  the  ballast  was  found  to  be  in  good  condition  and  to  provide 
good  drainage  as  soon  as  the  bank  of  dirt  on  the  side  was  removed. 

Pennsylvania  Railroad. 

On  the  main  line  of  the  Philadelphia,  Baltimore  &  Washington  Rail- 
road, between  Philadelphia  and  Washington,  there  is  a  division  which 
is  subjected  to  a  very  heavy  passenger  and  freight  traffic.  Originally 
this  line  was  ballasted  on  gravel  and  as  traffic  conditions  warranted  the 
gravel  ballast  was  replaced  by  crushed  stone  and  there  is  at  the  present 
time  an  average  of  24  inches  of  stone  and  12  inches  of  gravel  ballast 
measured  from  the  top  of  tie.  There  are  points  on  this  railroad  where 
there  is  not  quite  this  amount  of  stone  ballast,  and  there  are  other 
points  where  it  is  greatly  exceeded.  In  the  territory  around  Washington. 
D.  C,  we  find  as  high  as  42  inches  of  stone  on  top  of  12  inches  of  gravel. 
This  additional  depth  of  ballast  seems  called  for  from  the  fact  that  the 
soil  between  Baltimore  and  Washington  is  very  unstable,  being  princi- 
pally a  yielding  clay  formation  and  the  depth  of  ballast  has  been  increased 
from  time  to  time. 

On  the  Elmira  Division,  running  from  Williamsport  to  Lake  Ontario, 
there  is  a  single-track  railroad  handling  a  fair  traffic,  on  which  division 
there  is  principally  cinder  ballast.  The  average  depth  below  top  of  tie 
is  18  inches.  There  are  places,  however,  where  the  depth  of  ballast 
runs  as  high  as  36  inches. 
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On  the  Delaware  Railroad  where  there  is  a  double-track  system, 
handling  a  fair  passenger  traffic,  and  in  some  seasons  of  the  year  very 
heavy  freight  traffic,  there  is  an  average  of  12  to  15  inches  of  stone 
ballast  measured  from  the  top  of  tie. 

On  the  Pope's  Creek  Branch  of  the  Philadelphia,  Baltimore  &  Wash- 
ington Railroad,  a  branch  of  very  light  traffic,  there  is  a  mean  depth 
ballast  below  top  of  tie  of  18  inches.  In  some  instances  the  ballast  is 
entirely  gravel,  and  in  other  instances  it  is  cinder,  or  cinder  and  grave! 
mixed.  There  are  points  on  this  branch  where  the  depth  of  ballast 
greatly  exceeds  18  inches,  some  places  measuring  30  to  36  inches  of 
gravel  ballast. 

There  are  many  conditions  entering  into  the  amount  of  ballast  on 
the  different  divisions  of  the  railroad,  but  the  depths  given  in  the  above 
locations  are  sufficient  to  properly  support  the  track  at  the  present  time, 
provided  there  are  not  any  unusual  conditions  of  soil  beneath  the  ballast, 
which  prevents  it  from  giving  proper  support  to  the  track  structure. 

In  such  circumstances  it  is  necessary  to  either  drain  the  subsoil  by 
an  elaborate  system  of  drainage,  or  greatly  increase  the  depth  of  ballast, 
going  so  far  on  some  divisions  as  to  make  the  ballast  five  to  six  feet 
below  top  of  tie. 

Chicago  &  Eastern  Illinois  Railroad. 

Referring  to  your  letter  requesting  information  as  to  depths  of 
ballast  found  by  the  Government  field  parties  in  their  valuation  of  our 
property,  wish   to  advise  as  follows: 

On  one  Class  "A"  line,  they  found  an  average  depth  of  about  17  inches 
below  bottom  of  tie.  The  greater  part  of  this  line  is  ballasted  with  gravel 
and  probably  25  per  cent,  of  the  line  has  from  9  inches  to  12  inches  of  stone 
on  top  of  the  gravel.  The  average  included  depth  of  both  stone  and 
gravel  where  both  occur. 

On  another  Class  "A"  line  the  Government  found  an  average  depth 
of  about  15  inches  below  bottom  of  tie.     All  of  this  line  is  gravel  ballast. 

On  another  Class  "A"  line  they  found  an  average  depth  of  about  13 
inches  below  bottom  of  tie.  Practically  all  of  this  line  is  gravel  ballast, 
with  a  few  miles  of  stone  ballast  on  top  of  the  original  gravel. 

On  one  line  of  Class  "B''  road  they  found  14  inches  of  ballast  below 
bottom  of  tie.  About  25  per  cent,  of  this  line  is  ballasted  with  7  inches 
or  8  inches  of  stone  on  top  of  the  original  gravel,  balance  of  the  line 
being  ballasted  with  gravel  and  some  parts  with  burnt  clay  under  the 
gravel. 

On  another  Class  "B"  line  the  Government  notes  showed  an  average 
depth  of  about  13.5  inches  below  bottom  of  tie,  all  of  which  is  gravel 
ballast. 

On  Class  "C"  road  the  Government  notes  showed  an  average  deptli 
below  bottom  of  tie,  various  lines,  from  10  inches  to  13  inches,  all  of 
which  is  gravel. 

In  some  cases,  especially  along  the  line  which  originally  had  burnt 
clay  ballast,  the  Government  did  not  go  entirely  through  the  burnt  clay 
and,  of  course,  we  have  taken  exception  to  their  notes  at  these  points 
and  it  will  still  be  necessary  to  obtain  this  information  to  arrive  at  the 
full  depth.  The  information  given  in  the  foregoing  is  an  average  of  that 
actually  shown  bv  the  Government  notes. 

On  some  parts  of  our  line  we  had  information  on  the  ballast  charts 
as  to  the  actual  depth  of  the  ballast,  which  checked  very  closely  with 
the  information  obtained  by  the  Government.  On  the  parts  of  the  road 
where  we  did  not  have  this  information,  the  Government,  as  a  general 
rule,  found  more  gravel  than  we  thought  we  had. 
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Bangor  &  Aroostook  Railroad. 

The  ballast  has  been  inventoried  on  this  road  as  follows : 

Val.  Sub-Section.  Mileage.  Depth  of  Ballast. 

i-A  55.71  1.84  feet 

i-B  2.15  1.4 

2- A  14.65  1.57 

2-B  13.00  2.00 

2-C  48.48  1.72 

2-D                                         7.31  1.85 

2-E                                        12.53  i-3 
From  this  consideration  of  the  matter  it  appears: 

(a)  Depth  of  ballast  thought  to  be  under  the  track,  1   foot  as  a 

maximum  and  0.6  foot  as  a  minimum. 

(b)  The    approximate    depth    actually    found,    the    maximum    of 

2  feet  and  a   minimum  of   1.3   feet  with  a  general   average 
of  1.8  feet. 

Richmond,  Fredericksburg   &  Potomac  Railroad. 

There  is  probably  not  a  heavy  fill  on  this  line  to-day  that  does  not 
have  as  much  as  24  inches  of  gravel  ballast. 

I  consider  our  line  Class  "A"  track  under  as  heavy  traffic  as  any  of 
the  lines  included  in  these  reports.  I  think  our  test  shows  as  good,  if 
not  better,  gravel  than  some  of  the  other  reports.  As  a  proof  that  we 
have  a  Class  "A"  line  handled  on  washed  gravel,  have  7,537  freight 
trains  per  mile  per  annum.  223.631  freight  cars  per  mile  per  annum.  9,365 
passenger  trains  per  mile  per  annum  or  63,357  passenger  cars  per  mile  per 
annum. 

Yours  September  20;  I  have  had  some  tests  made  of  our  ballast  as 
we  now  use  it  from  the  washer  and  find  the  percentages  of  this  material 
to  be  as  follows : 

24  in.  to  2^2  in 37-46  per  cent. — Screen,  1  mesh  to  inch 

Yi  in.  to    Ya  in 35.42  per  cent. — Screen,  2  mesh  to  inch 

Y  in.  to    y2  in T9-9o  per  cent. — Screen,  6  mesh  to  inch 

Less  than  J4  in....   7.22  per  cent. 

I  had  photographs  taken  of  these  different  sizes  of  material  and  am 
enclosing  prints  of  same.  The  two  larger  sizes  show  up  very  small,  but 
the  smaller  sizes  do  not  show  up  so  well.  The  percentages  shown  by  this 
test  were  very  accurately  made  and-  reflect  the  general  average  of  material 
we  have  been  using  as  we  are  using  the  same  size  screens  now  that  we 
did  when  we  started  the  plant.     Cost,  32  cents,  per  cu.  yd.,  f.  0.  b.  cars  pit. 

Report  of  ballast  operations  at  Massaponax  gravel  pit  for  the  year 
1914,  repairs  not  included : 

Class  of  Work  and  Steam       Spotting 

Charges  Total         Shovel       Engine     Washing     General 

Supplies — 

Coal  for  steam  shovel. $     224.38    $    224.38     

Coal  for  washer 557.95     $    557.95     

Coal  for  spotting  engine       919.66     $   919.66     

Supplies     for     spotting 

engine  "5-77     H5-77     

Supplies  for  shovel.  . . .  56.33  56.33     

Supplies  for  plant 187.17     187.17     

Wages — 

Superintendence    55-0O     $      55.00 

Wages  of  shovel  crew, 

pit  hands  and  others     4,425.27       1,867.47  11.70    . 2.546.10     
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Class  of  Work  and  Steam       Spotting 

Charges  Total         Shovel        Engine      Washing     General 
Wages — 

Wages  of   spotting   en- 
gine crew    $1,354-05     $1,354-05     

Rentals — 

Hire  of  spotting  engine        658.30     658.30     

Buildings  and  tracks   .  .        681.53     $   681.53 

Steam    shovel    338.42    $   338.42     

Washing   plant    1,079.20     $1,079.20     

Miscellaneous  Rent  In- 
come Acct.  No.  510     1,125.86  84.61     3S9-7^         681.53 

Insurance  on  M.  C.  P. 

property  32.89     32.89 


Total    costs    $11,811.78    $2,571.21     $3,059.48    $4,730.14    $1,450.95 

Produce  40,644  cu.  yds. 
rough  gravel : 

Cost  of  steam  shovel.  .$  2. 571.21      

Cost  of  material    406.44     

One-half  cost  of  general 

expenses     725-47     

One-half  cost  of  spot- 
ting engine   1,529.74     


40,644    cu.    yds.     rough 

gravel  @  12.875c.  .  .$  5,232.86 
2,264     cu-     yds.     rough 

gravel     shipped    @ 

12.875c    291.49 


Cost  carried  forward 
into  washing  ex- 
penses      $4,941.37 

Washing  expenses   4,730.14 

One-half  cost  of  general 

expenses    72548 

One-half  cost  of  spot- 
ting engine   1, 529-74 


36.179  cu.   yds.    washed 

gravel  and  sand  @ 

32.966c    $1 1,926.73 

6,822  cu.  yds.  sand  sold 

C.  W.  Tiller  @  10c  $682.20       

1,481  cu.  yds.  sand  used 

and  given  away  @ 

32.966c 488.23       1,170.43 

27,876  cu.   yds.   washed 

gravel  @  38.586c $10,756.30 

Summary — 
40,644  cu.  yds.  rough  gravel  loaded. 
38,380  cu.  yds.  rough  gravel  dumped. 


2,264  cu.  yds.  rough  gravel  shipped. 
27.876  cu.  yds.  washed  gravel  shipped. 
8,303  cu.  yds.  sand  shipped. 
2,201  cu.  yds.  wasted  material. 

40,644  cu.  yds. 
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Cubic  yards  rough  gravel  loaded 40,644 

Cubic  yards  washed  gravel  shipped 27,876 

Cubic  yards  sand  shipped 8,303 

Cost   rough  gravel 12875c 

Cost    washed    gravel 38586c 

Cost   sand    32966c 

Statement  of  cost  of  material  excavated   from   Massaponax  Gravel  Pit, 
December,  1908  to  December,  1910,  inclusive: 

Cubic  yards  rough  gravel  loaded 418,485 

Average  cost  per  cubic  yard  rough  gravel  8.573c 

Cubic  yards  washed  gravel  shipped   318.189 

Average  cost  per  cubic  yard  washed  gravel  at  pit 21.544c 

Cubic  yards  washed  gravel  placed  in  track 304,489 

Average  cost  per  cubic  yard  hauling  10.300c 

Average  cost  per  cubic  yard  placing  in  track  25.177c 

Total  average  cost  per  cubic  yard  in  track  57.021c 

Note : — The  average  cost  per  cubic  yard  for  washed  gravel  at  pit. 
includes  the  cost  of  loading  the  rough  gravel  for  washing.  The  cost  of 
placing  in  track  includes  cutting  out  old  ballast,  dressing  up  new  ballast 
and  surfacing;  it  does  not  include  spiking,  regaging,  lining,  renewing  ties 
and  building  roadbed,  this  work  being  charged  to  Maintenance. 

The  work  of  reballasting  the  R.  F.  &  P.  was  started  December  1. 
1908,  and  completed  October  13,  1910,  using  267,489  cubic  yards  of  washed 
gravel  ballast  between  M.  P.  4  and  7986,  an  average  of  3,526  cubic  yards 
to  the  double  track  mile. 

Our  renewals  average  about  33c  per  cubic  yard  at  pit  on  account  of 
not  running  plant  to  full  capacity. 

Neiv  York  Central  Railroad. 

class  "a"  track. 

Depth  of 

Diznsion.                  Location.                   Ballast  Subgrade. 

Under  Tie. 

Harlem                      M.  P.  64  to  76        Original  ballast  W  here     roadbed 

gravel  was  rock  8  inches 

1909 — 8     inches  held   surface,  but 

stone  added  where    swampy 

1914 — 3     inches  would     not     hold 

stone  added  surface 

Hudson  Various  12  to  36  inches      Where    there     are 

stone  rock  cuts  the  12- 

inch  will  hold 
surface,  but  ac- 
count of  track 
crossing  so  many 
bays  it  is  neces- 
sary to  raise  fills 
every  year 

River  Various  Original  ballast       Where    there    are 

Double  track,        cinder     and        rock   or    dry    fills 

50  million  tons         gravel,  top  bal-        and  on  hard  road- 

per  year  last    12    inches        bed.    12    inches 

of  stone  hold      surface. 

Where     there     is 

clay     subsoil     no 

depth    yet   put   in 

will     maintain 

good   surface 
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Division. 
Rochester 


Location. 
Falls  Road 


Rochester 


Auburn 


Mohawk 


Western 


Main  line 
Washout 
Hoffmans 


Main 


at 


Adirondack- 


Mountain 
tion 


Depth  of 

Ballast 
Under  Tie. 
7  to  15  inches 
19  tests 

Practically  a  1 1 
gravel — a  few 
sections  in 
stone 


4    to    24    inches 
of  gravel 
16  tests 


12  inches  stone 
24  inches  gravel 


7  to  12  inches 
stone  on  top 
of  24  inches  of 
gravel 


6  to  8  inches 
stone  on  top 
of  8  inches  of 
cinder  and  slag 


Subgrade. 

Hard  Clay.  This 
line  is  remote 
from  gravel  pits 
and  the  average 
depth  of  gravel 
would  be  12 
inches,  which  is 
the  minimum 
amount  on  which 
line  can  be  ob- 
tained as  ballast 
is  added  only  as 
absolutely  neces- 
sary 

This  is  an  old  road 
well  maintained. 
The  4  inches  of 
gravel  has  sand 
subgrade.  The 
24  inches  of  grav- 
el is  on  clay  sub- 
grade 

This  is  a  fair  ex- 
ample of  Mohawk 
Division,  w  h  i  c  h 
has  largely  a 
clay  subgrade. 
Maintenance  o  f 
surface  and  line 
quite  expensive 

This  line  is  in 
gravel  pit  terri- 
tory and  was  lib- 
erally ball  asted 
with  gravel.  Two- 
thirds  of  the  ter- 
ritory was  bal- 
lasted with  8  to 
12  inches  of  stone. 
Balance  6  to  8 
inches  of  stone. 
So  far  with  equal 
results,  but  the 
lesser  depth  is 
new 

Sand  or  rock  sub- 
grade.  Excellent 
results  for 
amount  of  busi- 
ness, consisting 
largely  of  sum- 
mer passenger 
travel.  The  track, 
however,  is  105- 
pound   rail. 
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CONCLUSIONS. 

(i)  Investigations  now  being  carried  on  by  the  field  parties  of  the 
Division  of  Valuation  indicate  that  there  is  a  much  greater  depth  of 
ballast  actually  existing  in  track  than  has  previously  been  supposed  and 
that  while  many  standard  plans  of  trunk  line  railroads  show  12  inches 
of  ballast,  the  actual  depth  existing  in  their  main  lines  is  much  greater. 

(2)  Recommendations  of  Ballast  Committee,  covering  depth  of  bal- 
last of  Class  "A"  track,  should  be  changed  to  read  as  follows : 

"On  fills  or  roadbed  material,  subject  to  deformation,  by  the  applica- 
tion of  live  load,  the  minimum  depth  of  ballast,  under  bottom  of  tie. 
should  be  24  inches.  Through  rock-cuts  or  on  material  which  will 
not  be  deformed  by  application  of  live  load,  the  minimum  depth  of 
ballast  under  bottom  of  tie  should  be  12  inches,  this  12  inches  to  serve 
as  a  cushion  and  not  for  the  purpose  of  distributing  the  load  transmitted 
from  tie  to  roadbed  uniformly." 

(3)  The  Committee  again  unanimously  recommends  that  the  test 
outlined  in  the  1913,  1914  and  1915  reports  be  made  under  regular  traffic. 
(Complete  outline  of  the  proposed  test  is  given  on  page  1015  of  Volume  16 
of  the  Proceedings.) 

RECOMMENDATIONS   FOR  NEXT  YEAR'S  WORK. 

The  Committee  recommends  that  for  the  year  1916  the  same  subjects 
be  assigned  to  the  Ballast  Committee  as  were  assigned  last  year. 

Respectfully  submitted, 

COMMITTEE  ON  BALLAST. 


Appendix  A. 

STONE  BALLASTING  BY  CONTRACT. 
By  John  Evans,  Division  Engineer,  Michigan   Central  Railroad. 

On  the  greater  part  of  the  stone  ballasting  on  maintenance  work 
done  by  the  Michigan  Central  since  the  opening  of  the  working  season 
in  1909,  the  labor  of  putting  the  stone  under  the  track  has  been  handled 
by  contract.  A  total  of  approximately  90  miles  of  double  track  has 
been  ballasted  in  this  way,  distributed  over  the  seasons  of  1909,  1910, 
191 1  and  1913.     No  stone  ballasting  was  done  in  1912  or  1914. 

There  has  been  practically  no  change  in  the  method  of  procedure 
since  the  practice  of  doing  this  work  by  contract  was  introduced.  The 
contract  provides  unit  prices  per  foot  of  track  for  skeletoning  out  the 
old  ballast  to  the  bottom  of  the  ties;  lifting  the  track  to  the  grade 
stakes,  and  surfacing,  lining  and  trimming.  All  work  not  covered  by  the 
contract  prices,  such  as  unloading  the  stone,  putting  in  and  spacing 
ties,  making  a  preliminary  lift  on  gravel  or  cinders,  widening  banks, 
etc.,  is  done  either  by  the  railroad  forces  or  by  the  contractor  on  force 
account.  In  either  case  the  unloading  of  the  stone  is  done  under  the 
railroad  company's  supervision,  and  the  contractor  is  allowed  extra  com- 
pensation when,  on  account  of  shortage  or  surplus  in  the  distribution, 
he  has  to  move  stone  more  than  300  feet  to  complete  the  finished  ballast 
section.  The  railroad  company  provides  bunk  cars  at  its  own  expense 
for  the  contractor's  men  and  supplies  all  tools  and  equipment  needed 
in  the  work.  It  also  furnishes  free  transportation  for  the  men  over 
its  own  lines. 

The  track  is  given  a  minimum  lift  of  6  inches  on  stone.  The 
contractor  makes  lifts  up  to  and  including  8  inches  at  the  contract  price 
for  lifting  and  for  lifts  over  8  inches  an  extra  allowance  per  foot  of 
track  for  each  additional  inch  of  lift  is  made.  In  cases  where  the  stakes 
as  set  by  the  engineer  show  a  lift  of  more  than  6  inches  for  any  con- 
siderable length  of  track,  the  lift  to  within  6  inches  of  the  top  of  the 
stakes  is  made  with  gravel  or  cinders.  The  contractor  is  allowed  extra 
compensation  on  a  force  account  basis  where  the  throw  in  lining  track 
to  the  center  stakes  exceeds  1  inch. 

The  railroad  company  places  an  experienced  trackman  on  the  work 
as  inspector.  This  man  looks  over  the  track  after  it  has  been  surfaced, 
lined  and  trimmed,  and  either  accepts  it  or  notifies  the  contractor  to  do 
such  additional  work  on  it  as  may  be  necessary  to  make  it  acceptable. 
After  the  track  has  been  accepted  by  the  inspector  the  railroad  company 
is  responsible  for  its  maintenance. 

The  work  turned  out  under  the  above  arrangement  has  been  entirely 
satisfactory.  The  track  has  ridden  well  when  finished  and  has  retained 
its  line  and  surface  fully  as  well  as  it  has  in  the  best  work  done  by  our 
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own  forces.  We  are  doing  no  stone  ballast  work  at  the  present  time, 
owing  to  financial  conditions,  but  it  is  practically  certain  that  our  future 
work  of  this  kind  will  be  handled  by  contract.  As  a  matter  of  fact,  the 
contract  system  of  doing  track  maintenance  work  is  expanding  with  us 
and  we  are  extending  its  application  from  time  to  time  to  new  items  with 
satisfactory  results. 

The  men  employed  on  the  work  are  Italians  and  the  contractor  is  an 
Italian  with  wide  experience  in  business  dealings  of  all  kinds  with  his 
countrymen.  He  keeps  in  close  touch  with  the  labor  situation  throughout 
the  country,  and  his  knowledge  and  experience  result  in  the  finding  of  a 
better  class  of  men  and  in  getting  more  and  better  work  out  of  them. 
Since  starting  in  this  work  he  has  developed  several  good  Italian  track 
foremen. 

The  contractor,  being  financially  concerned  with  the  amount  of  work 
done,  has  a  more  effective  interest  in  increasing  the  output  than  our  own 
foremen  have,  regardless  of  how  capable  or  conscientious  they  may 
be.  Under  this  system  small  concessions  can  be  made  to  the  men  in  the 
way  of  increased  pay,  whereas  wage  rates  paid  by  the  railroad  com- 
pany are  not  adjustable.  For  this  reason,  local  shortages  in  the  labor 
market  do  not  affect  the  size  of  the  contractor's  gangs  as  seriously 
as  they  do  the  railroad  company's.  Furthermore,  a  small  increase  in 
pay  is  usually  more  than  offset  by  the  additional  effort  which  it  results  in. 

Doing  ballasting  by  contract  relieves  our  roadmasters  and  assistant 
roadmasters  of  the  greater  part  of  the  supervision  of  this  work 
at  the  time  of  the  year  when  their  attention  is  badly  needed  for  other 
branches   of   maintenance. 

A  possible  improvement  in  our  method  from  the  railroad  com- 
pany's standpoint  would  be  to  have  the  contractor  supervise  the  un- 
loading of  the  stone  and  be  responsible  for  its  proper  distribution.  In 
this  way  the  clause  providing  for  an  extra  allowance  in  case  stone  has 
to  be  moved  more  than  300  ft.  could  be  done  away  with.  This  should 
work  no  hardship  on  the  contractor,  because  it  is  our  experience  that 
very  little  stone  has  had  to  be  moved  more  than  the  specified  distance. 
There  have  been  several  occasions  where  the  contractor  has  made  claims 
on  account  of  the  alleged  improper  distribution  of  the  stone.  In  most 
cases  these  claims  were  not  allowed,  because  they  did  not  appear  to 
be  justified  by  the  terms  of  the  contract,  or  to  be  based  on  sound 
argument.  If  the  contractor  were  unloading  the  stone,  all  opportunity 
for  argument   from  this  source  would   be  done   away   with. 

The  proportion  of  the  work  done  under  contract  could  be  increased 
and  possibly  the  cost  of  the  work  reduced  by  having  the  contractor 
put  in  what  ties  are  needed  at  the  time  of  ballasting  at  a  unit  price 
per  tie.  I  think  it  not  improbable  that  this  will  be  tried  out  in 
some  of  our  future  work.  The  ballasting  done  during  the  season  of  1913 
included  12  miles  of  double  track  on  the  Fast  division  of  the  main  line 
about  55  miles  west  of  Detroit.  On  this  particular  job  the  total  num- 
ber of  men,  including  force  account  and  contract  work,  varied   from  1 10 


356  BALLAST. 

to  140.  The  skeletoning  gang  numbered  about  15  men,  and  the  lifting 
gang  50.  The  remainder  of  the  men  were  in  a  gang  which  worked  be- 
tween the  skeletoning  and  lifting  gangs,  putting  in  and  spacing  ties, 
widening  banks,  etc. 

The  lifting  gang  did  all  the  track  raising,  both  on  gravel  and  stone. 
It  also  surfaced,  lined  and  trimmed  the  track.  The  lifting  on  stone 
was  done  in  stretches  of  single  track  one  mile  long;  that  is,  no  lifting 
was  done  until  stone  was  distributed  ahead  for  one  mile  of  track.  The 
lifting  of  this  mile  was  ordinarily  one  day's  work  for  the  lifting  gang. 
After  being  raised,  the  track  was  allowed  to  stand  for  not  less  tban 
three  days  before  surfacing,  lining  and  trimming  was  started.  Be- 
tween the  time  the  track  was  lifted  and  the  time  it  was  finished  a  speed 
limit  of  30  miles  per  hour  was  in  effect.  After  the  mile  of  track  had  been 
surfaced,  lined  and  trimmed  it  was  looked  over  by  the  inspector,  and,  if 
accepted,    the   speed   restriction    was    removed. 

The  contract  provided  that  for  a  stone  ballast  lift  not  to  exceed  8 
inches,  and  laborers  receiving  17JX  cents  per  hour,  the  contractor  would  be 
paid  the  following  prices  per  linear  foot  of  single  track  ballasted: 

Skeletoning  track 2  62c  per  foot 

Lifting  track   3-50C     " 

Surfacing  and  trimming  5-54C 

Total    1 1.66c     " 

The  above  rates  would  increase  or  decrease  with  the  rates  paid  for 
labor. 

Force  account,  without  any  additional  percentage  for  supervision  or 
use  of  tools,  was  allowed  the  contractor  for  work  of  widening  the  roadbed 
where  necessary  to  retain  the  standard  ballast  section.  Force  account 
was  also  allowed  for  putting  in  any  ties  renewed  during  the  ballasting 
operations. 

For  ballast  lifts  exceeding  8  inches  the  contractor  was  allowed  ■>  4  cent 
per  foot  for  each  inch  or  fraction  of  an  inch  in  excess  of  8  inches. 

The  railroad  company  bore  the  cost  of  distributing  the  ballast  and 
plowing  same  down,  also  the  cost  of  road  train's  service  incidental  to 
such  work,  the  above  work  being  done  with  the  company's  forces. 
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EFFICIENCY  OF   VARIOUS   STONE  AND   GRAVEL   BALLASTS. 

Five  samples  of  gravel  were  obtained  and  put  through  various  screens 
and  the  percentage  passing  through  each  screen  determined.  The  "num- 
ber" of  screen  referred  to  in  .the  tests  is  the  size  of  the  mesh  ;  for 
example,  "i/io"  inch  screen  has  a  size  of  mesh  of  one-tenth  of  an  inch. 
Percentages  shown  in  tests  refer  to  weight.  All  samples  were  dry 
when  tested  and  contained  one  cubic  foot.  Photographs  in  actual  size 
of  samples   tested  accompany   this   report. 

test  no.   I. 

Railroad  "A"   (Sample  No.  i)   Class  A  Railroad. 

Source  of    Supply — From    gravel    pit    of    glacial    formation ;    pebbles 
forming     gravel     most     of     igneous     formation. 
Gravel    is    washed.      No    specifications    required 
for  screening.     Pit  owned  by  private  company. 
Amount  passing  through  i/io  in.  screen.  ..  .   25.9  per  cent.   (Clean  Sand) 
Amount  passing  through      %  in.  screen  and 

retained  on  1/10  in.  screen 28.7  per  cent.   (Pebbles) 

Amount  passing  through   ^A   in.   screen  and 

retained   on   %   in.   screen    23.7  per  cent.   (Pebbles) 

Amount   passing  through    1    in.   screen   and 

retained  on   z/2    in.    screen    16.3  per  cent.   (Pebbles) 

Amount   retained   on   1    in.    screen 5.4  per  cent. 

Total : 100.0  per  cent. 

Railroad  "A*'  has  considerable  track  ballasted  with  gravel  similar  to 
sample  tested  and  has  obtained  good  results  under  heavy  traffic.  Per- 
centage of  sand   is  considered  too  high   for  best  results. 

TEST    NO.    2. 

Railroad  "A"   (Sample  No.  2). 

Source  of  Supply — Same  as  Sample  No.  1. 

Amount  passing  through  1/10  in.  screen 9.8  per  cent.   (Clean  Sand) 

Amount  passing  through       V\  in.  screen  and 

retained  on  1/10  in.  screen   18.6  per  cent.   ( Pebbles) 

Amount   passing   through   1/2    in.    screen    and 

retained  on  J4  m-  screen   37.6  per  cent.   (  Pebbles  1 

Amount   passing   through    1    in.    screen    and 

retained  on  y2  in.  screen   27.7  per  cent.    (Pebbles) 

Amount  retained  on  1  in.  screen 6.3  per  cent. 

Total  100.0  per  cent. 

Sample  No.  2  is  considered  by  Railroad  "A"  much  superior  to  Sample 
No.  1,  and  excellent  results  have  been  obtained  from  track  ballasted  with 
this  gravel.     Track  put  up  on  the  gravel  is  free  from  dust. 
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Fig.  27. 
Test  No.  1— Sample  No.   1. 
Railroad  "A"   (actual  size). 
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Fig.  28. 
Test    No.    1 — Sample   No.   2. 
Railroad   "A"    (actual   size). 
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TEST    NO.    3- 

Railroad  "B" — Class  A  Railroad. 

Source  of   Supply — From  gravel   pit  of  glacial  deposit;   pebbles   and 
boulders  of  igneous  formation.     Gravel  is  washed 
and  larger  boulders  are  crushed. 
Amount  passing  through  1/10  in.  screen  ....     0.6  per  cent.   (Dust) 
Amount  passing  through      14    m-    screen   and 

retained  on  1/10  in.  screen 2.4  per  cent.   (Pebbles  and 

Amount    passing   through    }/2    in.    screen    and  Crushed 

retained  on   %  in.   screen    19.8  per  cent.      Boulders) 

Amount    passing    through    1    in.    screen    and 

retained  on  y>  in.  screen    64.0  per  cent. 

Amount  retained  on  1   in.  screen 13.2  per  cent. 

Total   100.0  per  cent. 

Road  "B"  reports  that  it  has  considerable  track  up  on  ballast  similar 
to  this  sample,  and  has  secured  excellent  results  in  line  and  surface  under 
heavy  traffic.  Finer  gravel  has  been  used,  but  gravel  like  sample  tested 
is  much  preferred. 

Cost  per  cubic  yard,  25  cents  f.  o.  b.  pit  located  along  line  of  railroad. 

test  no.  4. 

Railroad  "C" — Class  A  Road. 

Source  of  Supply — River  bed — glacial  formation;  pebbles  of  igneous 
formation.     Gravel   is   washed.     No   specifications 
required  for  screening. 
Amount  passing  through  1/10  in.  screen....  26.3  per  cent.   (Clean  Sand) 
Amount  passing  through       *4  'n-  screen  and 

retained  on  1/10  in.  screen 48.6  per  cent.   (Pebbles) 

Amount  passing  through   y   in.  screen  and 

retained  on  %  in.  screen  20.4  per  cent.   (Pebbles) 

Amount  retained  on  y2  in.  screen 4.7  per  cent.   (Pebbles) 

Total 100.0  per  cent. 

Road  "C"  reports  that  it  has  25  miles  of  track  ballasted  with  this 
gravel,  similar  to  sample,  and  has  secured  good  results  under  heavy  freight 
traffic.  Track  ballasted  with  washed  gravel  from  same  source  having  less 
per  cent,  sand  gives  better  results. 

Cost,  30  cents  per  cubic  yard,  f.  o.  b.  pit  located  along  line  of  railroad. 

test  no.  5. 

Railroad  "D" — Class  A  Railroad. 

Source  of  Supply — From  gravel  pit  of  glacial  deposit;  pebbles  form- 
ing gravel  of  igneous  formation.  Gravel  is 
washed.     Pit  owned  by  private  company. 

Amount  passing  through  1/10  in.  screen 43.4  per  cent.   (Clean  Sand) 

Amount  passing  through      %  m-  screen  and 

retained  on  1/10  in.  screen 25.3  per  cent.   (Pebbles) 

Amount  passing  through   x/2   in.  screen  and 

retained  on  *4  m-  screen  15.0  per  cent.   (Pebbles) 

Amount   passing   through    1    in.    screen    and 

retained   on    y2    in.    screen    12.0  per  cent.   (Pebbles) 

Amount  retained  on  1  in.  screen 4.3  per  cent. 

Total  100.0  per  cent. 

Railroad  "D"  reports  having  considerable  track  ballasted  with  gravel 
like  the  sample  tested,  and  has  obtained  good  results,  but  prefers  coarse 
gravel  with  small  per  cent,  of  sand,  on  account  of  the  disagreeable  fea- 
ture from  the  dust  coming  from  fine  gravel. 

Cost,  25  cents  per  cubic  yard  f.  o.  b.  pit  located  along  line  of  railroad. 
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Fig.  29. 

Test  No.  3. 

Railroad  "B"   (actual  size). 
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Fig.  30. 

Test  No.  4. 

Railroad  "C"   (actual  size). 
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Fig.  31. 

Test  No.  5. 

Railroad  "D"    (actual  size). 
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GRAVEL  WASHING  PLANT— BROOKHAVEN   GRAVEL 
COMPANY,  BROOKHAVEN,  MISS. 

GENERAL    OUTLINE    OF    REPORT. 

1.  Organization  Company. 

2.  Location  of  Pit. 

3.  Character  of  Deposit. 

4.  Physical  Properties. 

(a)  Land, 

(b)  Buildings, 

(c)  Tracks, 

(d)  Equipment. 

5.  General  arrangement  and  operation  of  pit. 

6.  Operation  Washing  Plant. 

7.  Estimated  cost  per  cubic  yard  to  wash  gravel. 

8.  General  Discussion. 

1.  Organization  Company.  Brookhaven  Gravel  Company,  organ- 
ized and  financed  by  Hibernia  Bank  of  New  Orleans.  Initial  investment 
made  during  receivership  proceeding,  $80,000.00. 

2.  Location  of  Pit.  Seven  and  one-half  miles  northeast  of  Brook- 
haven,  Miss.,  with  Illinois  Central  Railroad  track  connection. 

3.  Character  of  Deposit. 

(a)  2  ft.  to  6  ft.  Stripping, 

(b)  6  ft.  to  8  ft.  Cementing  Gravel    (Sample  A), 

(c)  30  ft.  Railroad   Ballast,  practically  no  clay    (Sample   B), 

(d)  2  ft.  Sand, 

(e)  75  ft.  Railroad    Ballast,    practically    no    clay    (as    far    as 

tested), 

(f)  Washed  Ballast  (See  Sample  C). 

4.  Physical  Properties. 

(a)  The  land  covers  480  acres  and  is  owned  by  the  Illinois  Central 
Railroad,  who  purchased  it  about  year  1895  for  $37.50  per  acre.  The 
Brookhaven  Gravel  Company  hold  a  15-year  lease  on  pit,  with  stipulation 
in  contract  that  they  furnish  sand  and  different  classes  of  gravel  to  Illi- 
nois Central  Railroad,  loaded  on  cars  at  plant,  at  stated  prices  per  cubic 
yard. 

(b)  Buildings — 

(1)  Washing  Plant  (See  Exhibit  Nos.  6,  2,  8,  9)  .  .$21,000.00 

(2)  Boiler  and  Engine  Room   (Sheet  Iron,  50  ft. 

x  60   ft.),  estimated  cost 800.00 

(3)  Office  and  Commissary    (1    SF,  30x80)    (See 

Exhibit  No.  12),  estimated  cost 1,000.00 

(4)  Two   Water   Tanks    (8   ft.  x   12  ft.  x  168,  4 

small  coal  bins),  estimated  cost   1,500.00 

(5)  Six    small    dwellings     (negro),    15x30,    about 

$150  each,  and  3  dwellings  (white),  about 

$500  each,  estimated  cost  2,400.00 

(6)  One  Barn  (1   SF  30x40),  4  small  sheds,  esti- 

mated cost   1,000.00 

(Total  Cost— See  No.  7.) 
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(c)  Tracks,  10  miles  56  and  60-lb.  rail  (ties,  rail  and  fastenings  in 
good  shape). 

(d)  Equipment — 

(1)  1  Stationary   Steam  Engine   (about  150  HP.). 

(2)  3  Small  Stationary  Steam  Engines   (about  10  HP.). 

(3)  2  Pumps    (about  7x12x12). 

(4)  3  Centrifugal  Pumps    (Kingsford,  4x6  inches). 

(5)  1  Winch. 

(6)  1  Track  Scale,  100  tons. 

(7)  2  Locomotives.  3-driver  and  2-driver. 

(8)  2  Locomotive  Type  Steam  Shovels   (Atlantic). 

(9)  1  Dirt   Spreader    (Jordan-hand). 

5.  General  Arrangement  and  Operation  of  Pit  Facilities. 
Explanation  on  sketch  A  gives  detail  of  manner  in  which  pit  is  oper- 
ated at  the  present  time. 

The  gravel  company  has  a  contract  with  the  Road  Commission  of 
Louisiana  to  furnish  cementing  gravel  for  use  in  road  building.  With 
this  market  for  cementing  gravel,  it  enables  them  to  work  the  shovel  used 
on  stripping,  to  take  out  full  depth  of  cementing  gravel,  working  the 
other  shovel  behind  and  below  first  out,  taking  out  railroad  ballast.  The 
[llinois  Central  Railroad  accepts  for  track  ballasting,  bank  run  gravel, 
obtained  from  this  30  ft.  (see  Exhibit  6)  face,  in  addition  to  ballast 
obtained  from  washing  plant.  Exhibit  3  shows  the  bank  after  being 
blasted,  which  indicates  the  mixture  being  loaded. 

6.  Operation  of  Washing  Plant. 

In  explanation  of  sketch  A,  a  bank  run  gravel  is  unloaded  into  re- 
ceiving hopper.  The  gravel  is  then  fed  to  belt  conveyor  by  means  of  slid- 
ing iron  gate,  controlled  by  hand  lever  (A)  (see  Sketch  B).  Belt  conveyor 
delivers  gravel  at  point  (B).  where  it  leaves  belt  it  is  hit  by  four  jets  of 
water  under  20  to  40  pounds  pressure.  The  force  of  these  jets  is  such 
as  to  brake  the  union  between  the  clay  and  gravel.  (This  water  is  ob- 
tained by  use  of  7x12x12  pump  drawing  from  reservoir  and  discharging 
through  centrifugal  pumps  (4  in.  x  6  in.).  The  dissimilated  mass  of 
gravel,  sand  and  clay  is  then  delivered  through  chutes  (C)  and  (D) 
to  conical  screens  (revolving  about  20  r.  p.  m.).  As  operations  are 
similar,  will  take  one  set  (5)  screens  for  explanation.  At  (E)  the 
mass  is  again  struck  by  2-inch  jet  of  water  fed  in  direction  indicated 
by  arrow.  The  lumps  and  boulders  (above  21/  inches)  are  separated 
at  (E)  and  waste  through  chute.  (R)  (1)  Exhibit  9,  the  screened  por- 
tion passing  on  to  next  screen  (G).  at  which  point  it  is  again  played 
upon  by  a  spray  of  water  from  a  2-inch  perforated  pipe,  running  the 
length  of  screen.  In  like  manner  the  screened  portion  passes  on  through 
the  remaining  screens  (A),  (I)  and  (J).  At  (I)  the  gravel  is  all  re- 
moved, leaving  only  the  water  carrying  clay  in  solution  and  sand  in  sus- 
pense to  deliver  to  settling  tank  (K).  The  water  striking  in  this  tank 
releases  greater  per  cent,  of  sand,  the  sand  settline  and  the  clay  in 
solution  passing  on  via  sluiceway  (M)  fsee  (2)  (Exhibit  No.  9)  to  hop- 
per, whence  it  is  forced  by  means  of  a  centrifugal  pump  to  final  discharge 
point   (see   (H)   Sketch  "A"). 

By  means  of  connecting  chutes,  as  shown  in  sketch  "B,"  the  various 
sizes  of  gravel  obtained  from  screens  Nos.  2,  3,  4  and  5  can  be  separated 
into  individual  bins,  or  if  desired  can  be  combined  and  run  into  one 
bin  (No.  4).  This  is  the  case  when  concrete  or  ballast  gravel  is 
desired. 

When  the  washed  ballast  gravel  is  desired,  vertical  sliding  gates 
in  bins  4  and  5  are  opened  to  feed  in  proportion  to  per  cent,  of  sand 
and  gravel   required  and  the  mixture  loaded  into  car  by  means  of   com- 
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municating   chute    (B)    (Sketch    B).      To    facilitate   and   make   the    feed 
uniform,  a  jet  of  water  is  forced  against  gravel  near  gate  on  inside  bin. 
The   capacity   of  the  plant  is    120  yards   washed  gravel  per  hour — 
r,20O  yards  per  ten-hour  day. 

7.    Estimated  Cost  per  Cubic  Yard  to  Wash  Gravel. 

(a)     Estimated    daily    expense — 

.   Interest  on  original  investment,  $80,000,  at  6  per  cent.$  15.00 

Maintenance  washing  plant,  $21,000,  at  10  per  cent. .  7.00 

Maintenance  two  steam  shovels,  $24,000,  at  6  per  cent.  4.60 

Maintenance  two  locomotives,  $20,000,  at  6  per  cent..  3.80 

Maintenance  one  dirt  spreader,  $300,  at  10  per  cent.  .10 
Maintenance  engines,    pumps,    etc.,   $30,000,    at   6   per 

cent 5.80 

Maintenance  buildings,  water  tanks,  $6,700,  at  10  per 

cent 2.10 

Depreciation  10  miles  56  and  60-lb.  rail  and  accessories, 

$20,000,  at  10  per  cent. 6.40 

Depreciation  20,000  ties,  $8,000,  at  20  per  cent 5.10 

S.  S.  and  engine  supplies  20.00 

$  69.90 
Labor. 

Crews  $24.00 

2  locomotive   engineers    8.00 

2  locomotive   firemen    5.00 

2  switchmen   (negro)    3.00 

1  stationary    engineer     3.00 

1  winch  operator    2.00 

I  centrifugal  oump  operator   2.00 

1  master  mechanic  5.00 

4  laborers  washing:  plant  8.00 

2  laborers  unloading  gravel   2.50 

1  track  foreman   2.50 

16  laborers,   $1.25    20.00 

1  weighman    3.00 

Local  office  force — 

Chief  clerk  and  bookkeeper  6.00 

General   supervision  25.00 

119.00 

Estimated  total   daily  expenses $188.90 

(b)  Working  capacity,  1,200  cubic  yards  day  for  $188.90  equals  15.7c 
per  cubic  yard. 

Taking  average  1,000  cubic  yards  day  for  $188.90  equals  18.9c  per  cubic 
yard. 

The  material  the  Brookhaven  company  are  washing  contains  about 
50  per  cent,  clean  gravel,  sample  (B),  consequently  giving  a  cleaner  grade 
of  washed  gravel  than  that  which  would  be  obtained  from  a  material  com- 
posed entirelv  of  a  cementing  gravel    (sample  A). 

The  washed  gravel  accepted  by  the  Illinois  Central  Railroad  for  bal- 
last runs  from  25  to  35  per  cent.  sand. 

This  plant  at  present  has  no  crusher  to  crush  large  stones,  but  if  there 
were  enough  large  stones  in  a  pit  to  warrant  it,  a  crusher  could  he  added 
at  small  cost. 
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Committee. 

To   the  Members  of  the  American   Railway  Engineering  Association: 

Your  Committee  on  Track  respectfully  submits  its  report  to  the 
seventeenth  annual  convention. 

Meetings  of  the  whole  Committee  were  held  in  Chicago  on  May  23 
and  November  12,  in  addition  to  the  meetings  held  by  the  various  Sub- 
committees. 

In  addition  to  the  seven  subjects  assigned  by  the  Board  of  Direction 
at  the  beginning  of  the  year,  your  Committee  was  requested  by  the  Presi- 
dent to  co-operate  with  Mr.  Hegel  of  the  Chicago  Junction  Railway 
Company  in  making  tests  of  tie  plates  subject  to  action  of  brine  drippings. 
This  was  taken  up  as  subject  No.  8,  and  in  furtherance  of  the  investiga- 
tion Mr.  Hegel's  name  was  added  to  the  membership  of  the  Track 
Committee. 

REVISION  OF  MANUAL. 

Sub-Committee  No.   1. 

W.  G.  Raymond,  Chairman;  A.  C.  Mackenzie, 

E.  T.  Howson,  G.  J.  Ray, 

L.  J.  F.  Hughes,  H.  T.  Porter, 

E.  L.  Ingram,  H.  R.  Safford, 

J.  R.  Leighty,  »  C.  H.  Steix. 

Your  Committee  has  made  a  critical  examination  of  the  subject-matter 
of  the  chapter  on  Track  in  the  Manual,  and  considers,  in  view  of  the 
thorough  and  comprehensive  revision  which  was  made  last  year,  that 
no  further  changes  should  be  recommended  until  after  the  new  edition 
of  the  Manual  has  been  published. 
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ECONOMICS  OF  TRACK  LABOR. 

Sub-Committee  No.  2. 

H.  R.  Safford,  Chairman;  E.  T.  Howson,  V ice-Chairman; 

Geo.  H.  Bremner,  A.  C.  Mackenzie, 

H.  M.  Church,  P.  C.  Newbegin, 

Garrett  Davis,  F.  B.  Oren, 

W.  R.  Dawson,  i  W.  G.  Raymond, 

J.   M.   R.  Fairbairn,  C.  H.  Stein, 

A.  L.  Grandy,  A.  H.  Stone. 

This  report  is  necessarily  one  of  progress  only,  because  the  magnitude 
of  the  subject,  undertaken  by  the  Committee  this  year,  is  such  that  we 
can  report  only  having  started,  in  a  systematic  way,  to  collect  data  from 
test  sections  which  will  form  a  basis  for  the  Committee's  subsequent  study. 

The  Sub-Committee  has  had  three  meetings,  which  were  fairly  well 
attended,  the  last  taking  place  at  Montreal  on  September  13. 

The  work  which  the  Committee  has  done  this  year  may  be  briefly 
stated  as  follows : 

(1)  It  has  received  from  eighteen  railroads  very  good  data  in 
the  form  of  records  of  test  sections,  which  data  has  now  extended  over 
a  period  of  twelve  months.  This  data  has  been  submitted  in  accordance 
with  the  form  prepared  last  year  and  placed  in  the  hands  of  the  members 
of  the  Association. 

(2)  The  Sub-Committee  sent  out,  under  date  of  August  19,  through 
Secretary  Fritch,  a  further  appeal  to  not  only  the  railroads  which  had 
signified  their  intention  of  co-operating,  and  which  have  kept  the  de- 
sired record  for  a  year,  but  to  a  number  of  other  roads  which  we  had 
not  been  able  heretofore  to  interest,  and  we  are  hoping  that  our  appeal 
will  bring  forth  good  results.  Attached  to  this  report  is  a  copy  of  the 
circular  letter  above  referred  to. 

(3)  The  Sub-Committee  prepared  a  chart,  a  copy  of  which  is  at- 
tached hereto,  outlining  a  suggested  method  of  analyzing  results  of  track 
sections.  This  chart  enabled  a  relationship  to  be  established  between  units 
of  labor  performed  and  the  physical  characteristics. 

The  Sub-Committee,  at  its  meeting  in  Montreal,  on  November  13, 
decided  to  divide  the  results  of  the  years  1914-15,  which  have  been  sub- 
mitted by  the  railroads  keeping  test  sections,  among  the  various  mem- 
bers present ;  each  one  will  take  the  records  of  certain  roads  and  make  an 
analysis  of  the  results,  and,  at  the  next  meeting  of  the  Sub-Committee 
these  results  will  be  discussed  and  an  effort  made  to  reach  some  con- 
clusion, but  it  may  be  expected  that  another  year's  record  should  be  taken 
of  these  test  sections  before  any  tangible  results  can  be  reached,  owing 
to  the  numerous  factors  which  enter  into  this  problem  and  which  vary 
from  year  to  year. 

It  is  felt  by  the  Sub-Committee  that  the  first  step  to  be  taken  in 
analyzing  the  test  section  records  will  be  with  the  view  to  establishing 
values  of  certain  physical  characteristics,  expressed  in  units  of  labor  or 
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man-hours.  After  this  feature  has  been  covered,  the  next  step  would 
seem  to  be  the  application  of  these  results  to  the  subject  of  adjusting 
section  lengths. 

Out  of  this  second  subject  will  naturally  spring  a  study  of  the  situa- 
tion for  the  purpose  of  establishing,  on  a  broader  basis,  a  method  of 
apportioning  maintenance  of  way  expenses  with  reference  to  larger  dis- 
tricts, special  attention  being  given  to  the  matter  of  attempting  to  work 
out  values  with  reference  to  traffic  and  climatic  conditions.  In  other  words, 
the  problem  will  be  to  attack  the  whole  question  in  a  logical  manner, 
starting  with  the  simplest  factors. 

One  of  the  railroads,  represented  on  the  Sub-Committee,  has  already 
undertaken  to  make  a  systematic  study  of  the  subject  of  establishing 
proper  lengths  of  sections,  by  making  allowance  for  the  various  things 
which  influence  expenditure  of  labor.  The  attached  chart  (page  371) 
shows  the  method  by  which  this  matter  was  taken  in  hand.  Of  course, 
certain  assumptions  were  made  in  this  particular  instance,  as  indicated 
in  the  upper  right-hand  corner  of  the  chart,  which  may  be  found  in- 
accurate when  the  conclusive  work  of  the  Committee  has  been  finished, 
but  granting  that  they  may  not  be  entirely  correct,  the  application  of  them 
will  certainly  yield  some  result  in  the  way  of  a  more  equitable  distribution 
of  labor  between  the  various  sections.  The  chart  is  self-explanatory  and 
needs  no  further  discussion,  and  is  submitted  merely  as  information, 
hoping  that  it  may   stimulate   interest   in   this  general   subject. 

As  to  the  work  of  the  Sub-Committee  for  next  year,  it  would  recom- 
mend that  it  be  permitted  to  continue  the  subject  in  hand,  without  taking 
on  any  other  work,  as  the  Sub-Committee  is  becoming  more  and  more  im- 
pressed with  the  magnitude  of  the  subject  and  feels  that  all  of  its  time 
can  well  be  devoted  to  it. 

CIRCULAR  TO   ROADS    NOT  REPORTING    SPECIAL   RECORD   TRACK    SECTIONS. 

Chicago,  111.,  August  19,  1915. 

Dear  Sir: — About  a  year  ago  the  Track  Committee  undertook  a  spe- 
cial study  of  the  subject  of  equating  track  values  and  for  that  purpose 
prepared  a  special  form  on  which  such  data  was  to  be  kept.  Eighteen 
railroads  responded  to  the  request  of  the  Committee  and  have  kept  this 
data  on  about  65  sections  during  the  past  year.  Your  road  is  not  sub- 
mitting this  information  and  the  Committee  again  renews  its  appeal  for 
co-operation,  believing  that  the  benefits  which  have  been  and  will  be 
obtained  will  result  in  considerable  value  to  all  officers  interested  in 
track  maintenance. 

It  may  interest  you  to  know  something  of  the  progress  of  the 
Committee's  work.  It  now  proposes  to  start  an  analysis  of  the  information 
received  to  date  in  the  manner  indicated  in  the  attached  print,  preparing 
a  chart  for  each  test  section,  which  it  is  felt  will  clearly  and  conveniently 
show  the  information  needed  to  determine  the  relative  value  of  the  more 
important  factors  in  the  problem.  You  will  note  this  chart  shows  the 
actual  number  of  hours  of  labor  spent  for  each  feature  for  the  twelve- 
month period.  It  also  shows  the  physical  characteristics  of  the  particular 
section  under  test.  The  analysis  of  this  data  will  give  a  basis  for  equating 
the  physical _  characteristics  of  the  test  sections  in  terms  of  equivalent 
miles  of  main  track. 
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In  this  connection  it  may  be  of  interest  to  note  a  chart  which  has 
been  developed  by  one  of  the  railroads,  represented  on  the  Committee, 
which  shows  the  situation  on  two  of  its  important  lines  as  regards  the  dis- 
tribution of  labor,  the  actual  length  of  sections  and  the  ratio  of  labor  to 
such  matters  as  length  of  sidetracks,  number  of  railroad  crossings,  high- 
way crossings,  number  of  switches,  etc.  It  is  illustrative  of  the  irregu- 
larities which  are  found  in  the  distribution  of  section  forces  without 
sufficient  allowance  being  made  for  the  above-mentioned  conditions,  and 
it  is  assumed  that  this  chart  is  fairly  representative  of  such  conditions  on 
most  railroads. 

On  this  chart  is  indicated  the  assumed  basis  for  equating  the  physical 
characteristics,  and  the  application  of  this  basis  developed  a  great  many 
irregularities  in  ratio  of  forces  employed  to  equivalent  miles  of  main  track. 
These  differences  called  for  special  investigation,  and  it  was  found  that  in 
a  number  of  instances  the  limits  of  the  sections  could  be  changed  so  as 
to  give  a  consistent  ratio  of  forces  employed  to  equivalent  miles. 

The  Committee  hopes  that  you  will  see  your  way  clear  to  have  this 
record  of  test  sections  kept  on  your  lines,  feeling  that  the  results  of  the 
Committee's  work  will  be  of  value  to  vour  line  as  well  as  to  the  railroads 
in  gene-al.  In  this  connection,  it  is  interesting  to  note  that  one  railroad 
has  already  found  this  record  to  be  of  great  value  in  developing  certain 
data  in  connection  with  an  important  rate  case. 

I  am  enclosing  a  copy  of  the  special  form  and  will  be  pleased  to  send 
you    further   supply   should   you    undertake   to    compile   this    data. 

Yours  very  truly, 

(Signed)     E.  H.  Fritch. 

Secretary. 

RELATION  BETWEEN  WORN  FLANGES  AND  WORN  SWITCH 

POINTS. 

Sub-Committee  No.  3. 

C.  H.  Stein,  Chairman;  H.  A.  Lloyd. 

Geo.   H.  Bremner,  P.  C.  Newbegix, 

W.  R.  Dawson,  F.   W.    Pflegixg. 

E.  L.  Ingram,  H.  T.  Porter. 

The  subject  assigned  was,  "Study  the  relation  between  worn  flanges 
and  worn  switch  points  with  a  view  to  correcting  the  causes  and  decreas- 
ing the  number  of  derailments  due  to  the  combination  of  worn  switch 
points  and  worn  flanges  on  wheels." 

Your  Committee  has  been  conducting  some  investigations  since  this 
work  was  assigned  us  on  June  3,  1915,  and  during  the  period  to  date  we 
have  examined  at  least  a  thousand  switch  points,  in  order  to  determine 
if  the  proposed  rule  suggested  by  the  Committee  last  year  was  adaptable 
to  the  conditions,  and  would  result  in  determining  whether  a  switch 
point  had  reached  the  condition  where  it  should  be  removed  from  the 
track. 

The  rule  as  suggested  was  as  follows : 

A  switch  point  should  be  removed  when  it  is  so  worn  that  the  great- 
est distance  from  the  worn  switch  point  to  a  straight  line  24  in.  long 
from  any  point  on  the  gage  line  of  the  switch  rail  to  a  point  on  gage 
line  of  the  stock  rail  equals  J^-in. 
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We  have  applied  this  rule  to  a  number  of  badly  worn  switch  points, 
which  had  reached  the  condition  where  it  was  necessary  to  remove  them 
from  the  track.  In  no  single  case  had  the  application  of  the  aforesaid 
rule  indicated  that  it  was  necessary  to  remove  these  points  from  the 
track.  As  a  matter  of  fact,  however,  the  condition  had  been  reached 
where  it  would  have  been  undesirable  to  allow  these  points  to  remain  in 
service  any  longer. 

An  alternative  rule  proposed  by  Mr.  Leighty  read  as  follows : 

When  the  line  of  wear  makes  an  angle  with  the  gage  line  projected, 
equal  to,  or  gretaer  than,  "A"  =  J/2-'m.,  "B"  =  8  in.,  the  point  shall  be 
removed. 

The  application  of  Mr.  Leighty's  rule  works  out  no  better  than  that 
suggested  by  the  Committee. 

There  came  under  observation  a  certain  switch  point  on  the  inside 
of  an  approximately  9-deg.  curve  with  6  in.  of  elevation,  where  it  was 
very  difficult  to  keep  an  engine  or  car  on  the  track  after  the  switch  point 
had  been  in  the  track  but  a  very  few  months.  The  application  of  the 
Committee's  alternative  24-in.  rule  to  this  situation  did  not  show  that  the 
point  should  come  out  of  the  track.  You  will  note  that  on  a  2-ft.  chord, 
the  offset,  or  middle  ordinate,  was  only  ^-in.;  on  a  4-ft.  chord,  however, 
it  was  */>-in.,  as  nearly  as  measurements  could  be  taken.  This  switch 
point,  however,  was  in  such  shape  that  it  had  to  be  removed  from  the 
track  in  this  particular  location.  In  hundreds  of  other  locations,  however, 
this  switch  point  would  have  lasted  for  months,  or  even  for  years.  In 
the  case  of  this  particular  point,  even  a  perfect  wheel  would  not  adjust 
itself  to  the  turnout  curve  without  climbing  over  the  point  at  a  definite 
and  fixed  location. 

It  is  therefore  apparent  that  the  degree  of  wear  that  subjects  a 
switch  point  to  removal  differs  for  every  known  condition.  There  are 
so  many  more  or  less  vital  factors  involved  and  to  be  considered  in  the 
determination  of  any  fixed  rule  as  to  the  safe  limit  of  wear  upon  a 
switch  point,  that  it  is  our  belief  that  any  such  general  rule  might  be 
easily  outweighed  or  lost  in  the  preponderance  of  exceptions  and  assump- 
tions. . 

Generally,  track  conditions  and  certain  contributary  defects  of  equip- 
ment, not  practicable  to  eliminate  for  the  time  being  at  least,  must,  to 
an  undefined  point,  be  taken  into  practical  account  in  determining  the 
limit  of  wear.  As  observed,  the  switch  point  is  in  a  sense  a  fixed  object, 
subject  to  frequent  and  easy  inspection,  while  passing  wheels  are  moving 
objects,  subject  to  long  trips  over  home  or  foreign  roads,  and  subject 
also  to  insufficient  or  perhaps  indifferent  examination  and  liability  of 
worn  or  sharp  flanges,  imperfect  tram,  bent  axles,  or  stiffly  rotating  or 
rigid  trucks,  all  of  which  points  have  a  bearing  upon  the  car  safely  pass- 
ing over  the  switch  point. 

The  M.  C.  B.'s  rule  fixes  within  certain  limits  the  permissible  flange 
wear,  as  well  as  the  gage  of  wheels,  and  the  combination  of  a  partly 
worn  wheel  and  a  partly  worn  point,  with  or  without  a  modifying  or 
contributarv  condition,  mav  or  mav  not  result  in  a  derailment.     It  is  fair 
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to  assume  that  generally,  where  a  switch  point  approaches  the  limit  of 
permissible  wear,  the  balance  of  the  switch  lead  or  main  track  portion 
thereof  is  measurably  worn,  and  that  factor  such  as  gage  of  track,  gage 
of  wheels,  wheel  centers,  track  centers,  or  rigid  wheel  base,  wheel  load- 
ing, condition  of  loading,  freedom  of  rotary  motion  of  the  truck  or 
trucks,  curvature,  superelevation,  etc.,  tending  to  increase  or  decrease 
the  side  pressure  of  the  flanges  or  the  vertical  loading,  also  contribute  in 
assisting  the  wheels  to  mount  the  point.  This  may  be  further  modified 
by  the  speed  of  the  car,  train  or  engine,  the  stiffness  of  the  rail  and  the 
nature  of  the  service  the  switch  is  supposed  to  perform.  In  fact,  there 
does  not  seem  to  be  any  theoretical  basis  upon  which  a  definite  rule 
could  be  established,  and  the  practical  tentative  rule  of  a  l,4-'m.  ordinate, 
in  24-in.  chord,  as  the  limit  in  any  position  throughout  the  lead  along 
the  gage  line  seems  sufficiently  general  and  practical  to  cover  ordinary 
conditions.  On  the  other  hand,  there  are  ample  cases  where  even  this 
limit  would  not  be  permissible,  and  certain  conditions  where  the  limit 
might  be  safely  increased.  It  makes  a  very  great  difference  whether  the 
switch  lead  is  from  a  straight  main  track  or  from  the  high  side,  or  to  the 
low  side  of  the  curve,  as  well  as  the  degree  of  curve  and  the  switch 
angle  and  frog  angle.  Also  whether  switch  leads  from  a  lateral  track 
or  from  a  base  line  or  yard  track. 

It  might  be  safe  for  the  service  intended  and  generally  used  in  a 
yard,  but  not  safe  for  certain  classes  of  road  engines  which  may  never 
be  called  upon  to  use  the  switch,  owing  to  condition  of  curvature  or 
clearances. 

In  high-speed  tracks  no  element  of  risk  may  be  taken  nor  made,  nor 
is  economy  considered,  while  for  laterals  or  yard  tracks  under  slow  speed, 
more  reasonable  wear,  without  undue  risk,  may  be  obtained,  taking  con- 
sideration of  the  nature  and  frequency  of  the  service,  intricacy  of  track 
system,  power  employed,  etc. 

It  is  our  opinion  that  it  is  going  to  be  impossible  to  formulate  any 
rule  that  will,  even  in  a  remote  sense,  cover  the  conditions  aimed  at.  As 
in  the  past,  it  is  going  to  be  necessary  for  us  to  rely  upon  the  judgment 
of  the  track  foreman  and  supervisor  to  determine  when  a  switch  point  in 
a  given  location  has  reached  the  point  where  it  must  be  removed  from 
the  track.  Any  rule  that  we  might  adopt  would  doubtless  lead  to  ex- 
travagance in  some  directions  and  entire  neglect  to  prevent  accidents  at 
others.  The  latter  fact  being  due  to  the  necessity  in  any  case  of  taking 
into  consideration  the  local  conditions  obtaining. 

Your  Committee  recommends  that  it  be  relieved  from  further  consid- 
eration of  the  subject. 
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SPECIFICATIONS  AND  DESIGNS  FOR  CUT-  AND  SCREW- 
SPIKES. 
Sub-Committee  No.  4. 

G.  J.  Ray,  Chairman;  T.  T.  Irving, 

H.  M.  Church,  F.  B.  Oren, 

Garrett  Davis,  R.  M.  Pearce. 

J.  M.  R.  Fairbairn,  E.  Raymond. 

The  subject  assigned  to  this  Committee  was,  "Review  specifications 
and  present  designs  for  cut-  and  screw-spikes." 

A  circular  letter  was  sent  to  roads  represented  in  the  Association 
to  ascertain  the  extent  to  which  the  Association's  specifications  have  been 
used  in  the  purchase  of  the  spikes  and  for  the  further  purpose  of  securing 
information  as  to  recommended  changes  in  the  specifications  and  designs 
for  both  cut-  and  screw-spikes  and  data  concerning  dimensions  and  speci- 
fications of  screw-spikes  now  in  use.  A  tabulated  statement  of  the  re- 
plies received  is  presented  herewith. 

CUT-SPIKES. 

From  the  tabulated  list  of  replies  received  from  the  members,  it  will 
be  noted  that  but  two  or  three  of  the  roads  reporting  are  using  the 
American  Railway  Engineering  Association  specification  for  cut-spiker,. 
A  careful  investigation  of  the  general  points  in  the  specifications  in  use 
shows  that  these  specifications  are  not  materially  different  from  the 
American  Railway  Engineering  Association  specifications. 

The  latter  specification  was  adopted  by  the  American  Railway  En- 
gineering Association  after  careful  study  of  a  similar  set  of  replies  from 
the  members  of  the  Association.  Your  Committee  does  not  at  this  time 
see  any  good  reason  for  changing  the  present  standard  specifications  other 
than  to  make  a  few  minor  changes  which  will  not  materially  affect  the 
adopted  standard.  We  submit  herewith  design  for  a  cut-spike,  which  we 
recommend  as  a  standard  to  be  adopted  by  the  Association. 

The  head  of  the  cut-spike  is  designed  to  take  the  blow  of  the  hammer. 
directly  over  the  axis  of  the  spike  and  thus  minimize  the  damage  to  spike- 
heads  and  danger  of  breaking  the  head  off  during  very  cold  temperatures 

The  tilting  downward  of  the  nose  gives  a  stronger,  more  rugged 
construction,  and  assists  in  giving  an  easier  clearance  in  the  spike  machine. 
It  also  permits  the  pulling  of  the  spike  more  readily  with  the  clawbar. 

The  reinforcement  is  symmetrical;  that  on  the  back  of  the  neck 
having  been  used  originally  as  it  now  is  with  many  roads  to  force  the 
spike  forward  against  the  base  of  the  rail  when  driving,  but  we  have 
added  the  reinforcing  on  the  front  of  the  neck  in  order  to  give  additional 
metal  to  withstand  rail  wear  and  necking  of  spikes,  which  has  been 
prevalent  with  the  old  flat  plate. 

It  is  required  that  the  physical  test  be  made  on  the  finished  spike. 
There  seems  to  be  a  tendency  to  have  the  test  made  on  the  bars  from 
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Proposed  American  Railway  Engineering  Association  Standard  Cut 

Track  Spike. 
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which  spikes  are  manufactured;  therefore,  we  recommend  the  following 
changes  in  the  Specifications  for  Ordinary  Track  Spikes : 

PHYSICAL  PROPERTIES  AND  TESTS. 

Present.  Proposed. 

Elongation,  not  less  than  20  per  Elongation,  not  less  than  20  per 

cent,  in  2  in.  cent,  in  2  in.,  or  if  test  is  made  on 

bar,  25  per  cent,  in  8  in. 
When  the  head  of  the  spike  is         When  cold,  the  head  of  the  spike 
bent  backward  cold,   it  shall   show      must  bend  backward  till  the  under- 
no  signs  of  fracture.  side  is  in  line  with  the  body  with- 

out sign  of  fracture. 

WORKMANSHIP    AND    FINISH. 

Present.  Proposed. 

The  length  under  the  head  shall  The  length  under  the  head  shall 

not  be  less,   nor   over   one-quarter  not    be    less    than    the    dimension 

(%)    of    an    inch    more,    than    the  shown,  nor  shall  it  be  greater  than 

dimension  shown.  one-quarter   (J4)   of  an  inch  more. 

SCREW-SPIKES. 

From  the  replies  received  from  the  members  of  the  Association,  and 
from  our  study  of  the  specifications  for  screw-spikes  formerly  adopted, 
we  do  not  feel  warranted  in  recommending  any  changes  whatever  in  the 
present  specifications. 

We  submit  herewith  a  design  for  a  screw-spike  which  we  believe  the 
Association  will  be  warranted  in  adopting  as  a  standard.  This  form  of 
spike  is  now  in  use  by  two  or  three  roads  making  more  or  less  use  of 
screw-spikes  and,  so  far  as  information  is  available,  they  have  given 
satisfactory  results. 

It  will  be  noted  that  the  distance  from  the  underside  of  the  head  to 
the  beginning  of  the  thread  is  variable.  This  distance  will  vary  with  the 
thickness  of  the  tie  plate  and  rail  base. 

It  is  well  known  by  all  concerned  that  the  use  of  the  screw-spike  is 
very  limited  at  the  present  time.  Your  Committee  feels  that  now  is  the 
time  to  adopt  a  standard  form  of  screw-spike  so  as  to  eliminate,  as  far  as 
possible,  the  different  forms  of  thread  which  are  sure  to  be  used  as  the 
use  of  screw-spikes  becomes  prevalent.  After  a  form  of  thread  has  once 
been  adopted  and  generally  used  on  any  road,  it  would  be  a  very  serious 
thing  to  change  the  form  of  pitch  of  the  thread,  as  new  spikes  could  not 
be  placed  in  old  holes  without  destroying  the  thread  in  the  wood. 

The  other  features  of  the  spike  are  not  so  important  and  may  be 
varied  at  will  without  serious  results. 
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Proposed  American  Railway  Engineering  Association  Standard 

Screw  Spike. 

Note. — Varies  with  thickness  of  Rail  Base  and  Tie  Plate. 
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INCREASED   THICKNESS    OF    WHEEL    FLANGE 

DESIGN  OF  MANGANESE  FROGS  AND  CROSSINGS 

Sub-Committee  No.  5. 

J.  R.  Leighty,  Chairman;  E.  L.  Ingram, 

H.  M.  Church,  A.  C.  Mackenzie, 

T.  H.  Hickey,  E.  Raymond. 

E.  T.  Howson,  L.  S.  Rose, 

L.  J.  F.  Hughes,  A.  H.  Stone. 

The  two  subjects,  "'Report  on  guard  rails  and  flangeways  and  effect 
of  increase  of  J^-in.  thickness  of  wheel  flanges,"  and  "Continue  the  study 
of  the  design  of  manganese  frogs  and  crossings,"  were  assigned  to  a 
single  Sub-Committee  for  the  reason  that  there  was  danger  of  some 
conflict  in  the  requirements  of  the  design  of  manganese  frogs  and 
crossings  and  in  the  flangeway  requirements  for  thicker  wheel  flanges. 

Your  Committee  has  no  recommendations  to  make  at  this  time  except- 
ing that  these  two  subjects  be  reassigned  for  consideration  next  year. 

TYPICAL  PLANS  FOR  DOUBLE  SLIP  CROSSINGS. 

DOUBLE  CROSSOVERS  AND  GUARD  RAILS. 

Sub-Committee  No.  6. 

H.  T.  Porter,  Chairman;  R.  M.  Pearce, 

A.  L.  Grandy,  G.  J.  Ray, 

T.  T.  Irving,  L.   S.  Rose. 

H.  A.  Lloyd, 

double  switch  lug. 

During  the  present  year  we  have,  in  addition  to  our  regular  assign- 
ments, designed  a  double  switch  lug,  plan  of  which  has  been  submitted. 
It  is  our  opinion  that  with  this  lug  a  switch  may  be  operated  safely  by 
using  either  rod  as  a  throw  rod  and  the  other  as  a  lock  rod.  This  lug 
is  so  designed  that  it  will  not  be  necessary  to  have  rights  and  lefts  and 
it  will  reinforce  the  point  sufficiently  to  prevent  locking  of  switch  with 
any  obstruction,  of  sufficient  size  to  be  dangerous,  behind  the  point. 

The  spacing  of  bolt  holes  for  this  lug  corresponds  to  that  already 
adopted  and  published  in  the  Manual. 

The  use  of  this  switch  lug  will  permit  throwing  the  switch  by  either 
rod  with  equal  safety  and  give  sufficient  space  between  to  minimize  trouble 
from  snow  and  ice. 

DOUBLE    CROSSOVERS   OR    SCISSORS. 

At  the  1914  convention  progress  was  reported  on  plans  for  double 
crossovers  or  scissors,  and  at  the  1915  convention  drawings  of  typical  lay- 
outs for  Nos.  8,  11  and  16  double  crossovers  for  13-foot  track  centers 
were  submitted.  Attention  was  called  to  the  unsymmetrical  arrange- 
ment of  crotch  frogs,  the  object  of  which  was  to  properly  guard  the  frog 
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and  crossing  points,  which  is  difficult  and  sometimes  impossible  with 
the  symmetrical  arrangement.  Attention  was  also  called  to  the  possi- 
bilities of  using  parts  of  these  drawings  when  different  track  centers 
were  required,  thus  making  it  possible  to  use  the  same  layout  in  part  for 
either  12  or  14-foot  centers.  These  drawings  were  received  as  informa- 
tion by  the  Association. 

For  the  present  year  we  have  prepared  drawings  of  typical  layouts  of 
Nos.  8,  n  and  16  double  crossovers  or  scissors  for  15-foot  track  centers, 
which  were  made  to  conform  as  nearly  as  possible  with  those  for 
13-foot  track  centers. 

In  all  of  the  above  plans  we  have  followed  as  closely  as  possible  the 
plans  of  frogs,  switches  and  turnouts  already  adopted  in  order  to  avoid 
unnecessary  conflict. 

DOUBLE    SLIP   CROSSINGS. 

At  the  1914  convention  we  submitted  as  information  typical  plans  of 
Nos.  8,  II  and  16  double  slip  crossings,  also  a  plan  by  the  Cleveland,  Cin- 
cinnati, Chicago  &  St.  Louis  Railway  for  a  No.  8  double  slip  crossing, 
the  feature  of  which  was  the  staggering  of  the  switch  points. 

At  the  191 5  convention  we  submitted  drawings  of  typical  layouts  for 
Nos.  8,  11  and  16  double-slip  crossings  to  be  operated  by  interlocking. 
Attention  was  called  to  the  staggering  of  switch  points  to  provide  for 
interlocking  rods.  These  plans  were  referred  back  for  reconsideration 
and  co-operation  with  members  of  the  Railway  Signal  Association. 

For  the  present  year  we  have  revised  the  plans  of  double  slip  cross- 
ings. The  changes  are  in  the  location  of  the  insulated  joints  and  removing 
of  all  joints  from  a  ten-foot  section  at  the  center. 

All  double-slip  crossings  of  either  design  may  be  operated  by  hand 
or  by  interlocking,  as  may  be  desired. 

In  the  above  plans  we  followed  closely  as  possible  the  plans  of  frogs, 
switches  and  turnouts  that  have  been  adopted. 

The  double  lug  has  not  been  taken  into  consideration  on  these  plans, 
as  it  has  not  been  adopted,  but  should  it  be,  it  could  be  applied  with  a  few 
minor  changes. 

FROG   GUARD    RAILS. 

Your  Committee  has  compiled  data  of  present  practice  of  American 
railroads  as  to  dimensions  of  frog  guard  rails  and  offers  a  definition 
and  specifications  for  frog  guard  rails  together  with  plans  for  11  ft.  o  in. 
guard  rail  for  No.  8  frog  and  16  ft.  6  in.  guard  rail  for  Nos.  11  and  16 
frogs.  We  recommend  the  adoption  and  publication  in  the  Manual  of 
the  definition,  specifications  and  plans. 

DEFINITION. 

Frog  Guard  Rail. — A  rail  or  other  device  to  guide  the  wheel  flange  so  that 
it  is  kept  clear  of  the  point  of  frog. 
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SUMMARY  OF    DIMENSIONS    OF    FROG   GUARD  RAILS  IN  USE 
ON  AMERICAN  RAILROADS 


DIAGRAM   OF  GUARD   RAIL. 


Length"! 

B. 

C. 

D. 

E. 

F. 

G. 

Radius  of  C. 

Radius  of  1 ) . 

25 '0' 

0 

16'2' 

7'0* 
6'0' 
4'0' 
3 '6' 

12'0" 

n'2' 

ll'O* 
10'4' 
lO'O' 
9'6' 
9'0* 
9'0' 
9'0* 
8'0' 
S'O' 
7'6' 
7'0' 
7'0' 
7'0' 
7'0' 
7'0' 
7'0' 
7'0' 
7'0' 
5'0' 
5'0' 
5'0' 
5'0' 
5'0' 
4'6' 
4'0' 
4'0' 
4'0' 
4'0' 
4'0' 
3V 
3'6' 
3'0' 
3'0' 
3'0' 
3'0' 
3'0* 
2'0' 
0'0' 

V&M' 

I'll' 

3'3' 
5'3' 
4'9' 
6'6* 

1'6* 

I'll' 

2'0' 

2'4' 

2'6' 

2'9' 

1'6' 

3'0' 

3'0' 

3'6' 

2'9' 

3'9' 

4'0' 

4'0' 

4'0' 

4'0' 

4'0' 

4'0' 

4'0' 

4'0' 

5'0' 

6'0' 

5'0' 

4'0* 

3'0' 

4  V 

4'6' 

4'6' 

4 '6' 

4'7' 

4'3* 

5'9' 

4 '3' 

6'0' 

6'0' 

6'0' 

3'0' 

0V 

5'6' 

7'6" 

0 
0 

IV 

0 

1'6' 

0 

0 

0 

0 

0 

0 

0 

IV 

0 

0 

0 

9 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

IV 

2'0' 

IV 

I'O' 

I'O* 

I'O' 

11' 

IV 

0 

IV 
0 
0 

VA' 

inr 

VA' 
VA' 
IX' 

IX' 

IX' 

Vi' 

IX' 
IX' 
IX' 

IX' 
IX' 

VA' 

VA' 

IX' 

IX' 

2' 

VA' 

VA' 

IX' 

IX' 

IX' 

IX' 

w 

IX' 

VA' 

\X' 

VA' 

VA' 

VA' 

2' 

VA' 

VA' 

V4' 

VA' 

VA' 

V4' 

VA' 

IX' 

VA' 

4' 

3' 

M' 

3' 
4' 

9' 
4' 

6' 

W 

4' 

4' 

2V2' 

*X' 

5' 

6* 

3' 

5' 

5V$' 
5'      „ 
6' 

m* 

VA' 

5' 

4' 

4' 

AV>' 

2Vs' 

VA' 

3' 

VA' 

3' 

3' 

VA' 

2X 

2X' 

2X' 

VA' 

4' 

4' 
4' 

4X' 
5' 

*H' 

VA  ' 

6' 

5' 

4' 

6' 

5' 

Curved 

Straight 

Straight 

Curved 

Straight 

88' R 

2'4'R 

Straight 
Straight 
18'6'  R 
Straight 
Straight 
Curved 

18' R 
WXYt'  R 
Curved 
Straight 

104' R 
Curved 

24' R 

24' R 

30' R 
Straight 

38' R 
29'6M*  R 
Curved 
Straight 
66  V  R 
26'S^g"  R 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
108'4^  R 

88' R 
Straight 
69'3«4  R 
96'0'  R 

16' R 
Straight 

15'  R 
2W1X  R 

104' R 

20'0' 

16'6' 

Straight 

15 '0' 

Straight 
Straight 

Curved 
Curved 

IV  R 

Straight 
Straight 
Straight 

3'R 
Straight 
Straight. 
Straight 

vim'  r 

Curved 

3'0' 
5'6' 
TO' 
0 

VA' 
V4' 
VA' 
IX' 

2X' 
0 
3* 
5' 

VA' 
4' 

6' 

Curved 

Straight 
3'0'R 
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SUMMARY  OF  DIMENSIONS  OF  FROG  GUARD    RAILS   IN   USE 
ON  AMERICAN  RAILROADS— Continued. 


Length 

B. 

C. 

D. 

E. 

F. 

G. 

Radius  of  C. 

Radius  of  D. 

12'0' 

lO'O' 
8'0' 
O'O' 

6'5' 

5'0' 
5'0* 
4'0* 
4'0' 
4'0' 
4'0* 
4'0' 
4'0' 
3'2* 
3'0' 
3'0' 
3'0' 
2'3' 

6'2' 
6'0' 
5'0' 
4'4' 
4'0' 
4'0' 
3'0* 
S'O* 
2'0' 
2 '6' 

re* 

0 
3'0' 

5'3' 

B'O* 
4 '5' 
4'5' 
4'5' 
3'8' 
3'3' 
3'0' 
2'0' 

4'0' 

3'0' 

210' 

2'6' 

ro' 

2'0' 
6'0* 

2'3^' 

3'0' 

2'V 

3'6* 

3'6' 

3'6' 

2'0* 

2'0' 

1'8' 

2 '8' 

4'0' 

4'0' 

2'9' 

2'6H' 

I'll' 

2'0' 

2'6' 

2'10* 

3'0' 

1'6' 

3'(i' 

I'd' 

4'0' 

3'9' 

4'3* 

4'0* 

3'0' 

1'6' 

V7H' 

IV 

I'll' 

I'll' 

2'3^' 

2'6' 

27V£' 

1'IOH" 

2'0' 

2'3' 
2'4' 
2'6' 

0 
0 
0 

0 

0 

0'9' 

0 

0 

0 

re* 

1'6* 

2'4' 

1'3' 

0 

0 

1'3* 

no" 

0 

0 

0 

0 

0 

1'6' 

0 

2'0" 

0 

0 

0 

ro* 

0 

0 

0 

6* 

0 

0 

0 

0 

0 

1'3' 

0 

0 
0 
0 

VA' 
VA' 
VA' 

VA' 
VA' 
VA' 
VA' 

m' 
w 

VA' 

m' 

2* 

VA' 
VA' 
VA' 
VA' 
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SPECIFICATIONS. 

(i)     Rail:     No.  2  rail  may  be  used. 

(2)  Base  of  guard  rail  to  be  planed  to  provide  a  clearance  of  74-inch 
between  base  of  main  rail  and  base  of  guard  rail. 

(3)  Flangeway:     Flangeway   to   be    1%    inches    on   standard   gage 


track. 


(4)     Separators :     Separators  shall  be  of 
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TYPICAL  LA  Y-OUT  OF  FROGS  FOR  NO.  II  DOUBLE  CROSSOVER 
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TYPICAL  LAYOUTS  OF  NOS.  8,  11  AND 
16  DOUBLE  CROSSOVERS,  13-  AND 
15-FT.    CENTERS.     GENERAL    PLANS. 


TYPICAL  LAYOUTS  OF  FROGS  FOR 
NOS.  8,  ii  AND  16  DOUBLE  CROSS- 
OVERS,   i.v  AND  15-FT.  CENTERS. 


TYPICAL  LAYOUTS  OF  NOS.  8,  11  AND 
16  DOUBLE  SLIP  CROSSINGS  WITH 
SQUARE  SWITCH   POINTS. 


TYPICAL  LAYOUTS  OF  NOS.  8,  11  AND 
16  DOUBLE  SLIP  CROSSINGS  WITH 
STAGGERED  SWITCH  POINTS. 
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feast-iron. 

(5)  Foot  Guards  :   Sold  metallic  foot  guards  shall  be    ■<  malleable  iron. 

[cast-steel. 
Strap  foot  guards  shall  be  of  rolled  steel.     Wooden  foot 
guards  when  used  shall  be  of  sound  white  oak. 

(6)  Bolts:  Bolts  shall  conform  to  the  recommended  specifications 
for  frog  bolts. 

(7)  Rail  braces  may  be  used  in  place  of  clamps. 

(8)  Length  of  guard  rail:  For  all  new  work,  11-foot  guard  rails  are 
recommended  for  frogs  up  to  and  including  No.  10;  16^2-foot  guard  rails 
for  No.   11   frogs  and  over. 

TESTS  OF  TIE  PLATES  SUBJECT  TO  ACTION  OF  BRINE 
DRIPPINGS. 
Sub-Committee  No.  7. 
E.  T.  Howson,  Chairman;  T.  H.  Hickey, 

Geo.  H.  Bremner,  T.  T.  Irving, 

A.  L.  Grandy,  F.  W.  Pfleging, 

G.  W.  Hegel,  G.  J.  Ray. 

Late  in  June.  G.  W.  Hegel,  Chief  Engineer,  Chicago  Junction  Railway, 
advised  the  President  of  the  American  Railway  Engineering  Association 
that  he  was  contemplating  making  a  careful  test  of  the  resistance  of  tie 
plates  to  brine  drippings  and  offered  to  co-operate  with  this  Association 
in  making  these  tests.  This  subject  was  accordingly  referred  to  the  Track 
Committee,  and  Sub-Committee  No.  7  was  organized  to  co-operate  with 
Mr.  Hegel,  who  afterward  became  a  member  of  the  Track  Committee  and 
of  this  Sub-Committee. 

The  track  on  which  the  tests  will  be  conducted  is  in  the  yards  of 
the  Chicago  Junction  Railway,  Union  Stock  Yards,  Chicago.  This  track  is 
subjected  to  the  almost  continual  movement  of  refrigerator  cars  and  the 
resulting  corrosion  of  track  fastenings  is  especially  severe.  Preparations 
are  now  being  made  for  the  installation  of  tie  plates  of  rolled  steel, 
wrought-iron,  malleable  iron  and  American  ingot  iron.  As  the  test  is  not 
primarily  to  determine  the  merits  of  the  relative  designs  of  tie  plates, 
but  rather  of  materials,  only  one  design  of  each  metal  will  be  installed. 
With  the  exception  of  the  American  ingot  iron  plates,  all  tie  plates  are 
being  purchased  in  the  open  market. 

A  certain  proportion  of  each  type  of  plate  will  be  dipped  in  oil 
and  will  be  oiled  at  regular  intervals  during  the  tests.  Another  portion 
will  be  dipped  in  hot  tar  before  placing  in  the  track,  while  the  remainder 
will  be  inserted  without  preparation  of  any  kind. 

These  plates  are  now  being  secured  (October,  1915)  and  will  be 
placed  in  the  track  within  a  short  time.  New  rail  will  be  laid  and  all 
ties  with  a  life  less  than  the  expected  duration  of  the  test  will  be  re- 
newed in  order  that  track  conditions  may  be  uniform.  Representative 
plates  of  each  kind  of  material  will  be  retained  for  chemical  and  physical 
tests  and  other  plates  will  be  removed  from  the  track  from  time  to  time 
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during  the  progress  of  the  test  to  determine  the  extent  to  which  the  plates 
are  affected  by  this  corrosive  action. 

The  Committee  hopes  to  be  able  to  present  considerable  information 
in  its  report  next  year. 

CONCLUSIONS. 

Your  Committee  recommends  the  following : 

Receiving  as  a  progress  report: 

(i)     The  report  on  Economics  of  Track  Labor. 

(2)  The  report  on  Tests  of  Tie  Plates  Subject  to  Action  of  Brine 
Drippings. 

For  adoption: 

The  report  on  the  relation  between  worn  flanges  and  worn  switch 
points. 

For  adoption  and  publication  in  the  Manual: 

(1)  Design  for  Double  Switch  Lug. 

(2)  Typical  Layouts  of  Nos.  8,  11  and  16  Double  Crossovers,  13-  and 
15-ft.  centers.     General  Plans. 

(3)  Typical  Layouts  of  Frogs  for  Nos.  8,  11  and  16  Double  Cross- 
overs, 13-  and  15-ft.  centers. 

(4)  Typical  Layouts  of  Nos.  8,  11  and  16  Double  Slip  Crossings 
with  Square  Switch  Points. 

(5)  Typical  Layouts  of  Nos.  8,  11  and  16  Double  Slip  Crossings  with 
Staggered  Switch  Points. 

(6)  Typical  Plan  of  Frog  Guard  Rails. 

Your  Committee  recommends  for  next  year's  work  : 

(r)     Continue  the  Study  of  Economics  of  Track  Labor. 

(2)  Review  the  entire  subject  of  frogs,  switches,  turnouts,  crossings, 
etc.,  giving  special  attention  to  the  use  of  tie  plates,  risers,  etc.,  and 
recommend  such  changes  in  plans  as  may  be  needed  to  bring  them  up  to 
the  best  practice. 

(3)  Continue  the  tests  of  tie  plates  under  action  of  brine  drippings. 

(4)  Consider  recommendation  of  additional  standards  and  specifi- 
cations for  manganese  frogs  and  crossings. 

(5)  Report  on  effect  of  increase  of  ^-inch  thickness  of  wheel 
flanges. 

(6)  Report  on  reduction  of  taper  of  tread  of  wheel  to  1  in  38  and 
on  canting  the  rail  inward,  also  concerning  the  reduction  of  the  present 
limit  of  allowable  flat  spots  on  wheels,  conferring  with  the  Master  Car 
Builders'  Association. 

Respectfully  submitted, 

COMMITTEE  ON   TRACK. 


REPORT  OF  COMMITTEE  VI— ON  BUILDINGS. 

M.  A.  Long,  Chairman;  G.  H.  Gilbert,  Vice -Chair  man; 

G.  W.  Andrews,  C.  H.  Fake, 

J.  P.  Canty,  A.  T.  Hawk, 

D.  R.  Collin,  E.  A.  Harrison, 

W.  H.  Cookman,  P.  B.  Roberts, 

C  G.  Delo,  W.  S.  Thompson, 

\Y.  T.   Dorrance,  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

Your  Committee  on  Buildings  respectfully  submits  herewith  its 
annual  report. 

(a)     REVISION  OF  MANUAL. 

The  only  item  in  the  Manual  that  we  recommend  be  changed  is 
the  item  under  "Engine  Houses."     The  following  should  be  added : 

"When  there  is  an  engine  house  without  turntable  and  no  'Y' 
track  or  other  means  of  turning  provided,  such  engine  house  should 
preferably  be  equipped  with  smoke  jacks  at  each  end  of  each  stall." 

(b)     FREIGHT   HOUSE   SCALES. 

The  weighing  of  package  freight  at  freight  houses  is  very  important 
from  a  revenue  standpoint,  and  the  railroads  are  installing  a  greater 
number  of  scales,  and  giving  serious  consideration  to  the  weighing  of 
all  package  freight,  except  possibly  standard  packages  of  known  weight. 
There  are  some  points  where  practically  all  the  freight  handled  is  of 
standard  package  freight,  and  at  such  houses  very  few  scales  are  needed. 

There  are  three  classes  of  freight  terminals,  the  largest  being  where 
both  inbound  and  outbound  houses  are  arranged  in  the  same  layout.  At 
such  points  the  following  arrangement  of  scales  is  recommended  : 

Inbound   and   Outbound    Houses   in   Same   Layout. 

In  outbound  houses  it  is  desirable  to  have  a  scale  at  every  second 
door  opening,  or  a  maximum  of  seventy-five  (75)  feet  between  scales, 
these  to  be  located  on  the  team  side. 

In  inbound  houses  it  is  desirable  to  have  scales  placed  one  hundred 
(100)    feet  centers  as  the  maximum  and  located  on  the  team   side. 

Combination    Inbound    and    Outbound    Houses. 

In  layouts  where  one  house  handles  both  inbound  and  outbound 
freight  and  where  the  business  is  heavy  and  diversified,  the  scales  should 
be  located  preferably  at  every  third  door  opening,  or  a  maximum  of 
75    feet   apart.      Where   this   number   of   scales   are   used,   they   should    be 
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ample  to  take  care  of  inbound  weighing     Scales  should  be  located  on  the 
team  side  of  the  house. 

Combination   Freight  and  Baggage   Rooms. 

At  small  outlying  stations,  where  there  is  a  combination  baggage 
and  freight  room,  one  dormant  scale,  approximately  two  tons  capacity, 
located  preferably  at  one  side  of  the  door  nearest  the  team  side,  is 
recommended,  as  at  this  point  it  will  be  less  liable  to  damage  from  trunks 
or  large  packages. 

Platforms. 

In  large  houses,  scale  platforms  should  be  as  small  as  practicable 
to  accommodate  the  trucks  used,  and  usually  not  over  6  feet  by  8  feet,  ex- 
cept at  certain  localities,  where  one  or  two  large  scales  are  necessary  to 
handle  freight  that  is  especially  bulky. 

Capacity. 

Scales  for  houses  handling  freight  only  should  have  a  minimum 
capacity  of  four  (4)  tons.  Higher  capacity  scales  cost  very  little  more 
and  are  economical  from  an  operating  and  maintenance  standpoint,  as 
they  will  stand  up  better  under  the  abuse  they  are  usually  subjected  to. 

Type   of   Scale. 

Dial  scale,  properly  maintained,  has  a  great  many  advantages  over 
the   beam  type. 

(c)     ASHPITS. 

The  ashpit  is  the  most  expensive  structure  on  a  railroad,  from  a 
maintenance  standpoint.  Therefore,  a  great  deal  of  thought  should  be 
given  to  the  design. 

The  usual  procedure  at  an  ashpit  is  to  drop  the  hot  ashes  into  the 
pit  and  this  heats  up  the  walls  and  other  parts  of  the  structure.  Then 
cold  water  is  thrown  on  the  ashes  to  cool  them.  This  rapid  cooling 
causes  contraction  in  the  material  of  which  the  structure  is  built,  and 
when  repeated  many  times,  weakens  and  sometimes  destroys  the  struc- 
ture. Another  destructive  element  is  the  sulphuric  acid  produced  by  the 
water  and  sulphur  in  the  ashes.  This  destroys  the  steel  parts  (coming 
in  contact  with  it)  at  a  rapid  rate.  Most  ashpits  are  built  of  concrete, 
in  which  limestone  is  a  principal  ingredient.  Hot  ashes  cause  this  lime- 
stone to  swell  and  disintegrate,  and  in  a  short  time  the  concrete  will  be- 
gin to  spall  off.  Firebrick  facing  has  been  used,  but  on  account  of  the 
nature  of  the  work  and  the  tools  used,  experience  shows  that  they  are 
soon  knocked  off.  Slag  has  been  used  in  place  of  stone,  and  makes  a 
good  substitute.  Gravel  also  makes  a  good  substitute,  and  if  trap  rock 
is  available,  it  is  better  than  either  of  the  above  materials. 

Various  Types  of  Pits. 

(1)  At  outlying  districts,  where  few  engines  are  handled,  cast-iron 
ties,  approximately  12  inches  high,  are  used  to  prevent  burning  wood 
ties.     These  should  be  located  on  spur  tracks. 
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(2)  Pit  located  between  the  track  rails,  approximately  3  feet  deep 
and  length  to  suit  the  business  handled,  the  cinders  are  shoveled  out  on 
the  track  level  and  loaded  by  hand  into  cars  or  loaded  intn  barrow?  and 


Fig.  1.    Cast-Iron  Tie  Pit. 

wasted  at  a  convenient  place.  In  some  instances  these  pits  are  fitted  with 
buckets,  which  are  handled  by  pillar  crane,  and  sometimes  by  traveling 
or  gantry  crane,  and  loaded  into  cars. 


Fig.  2.    Track  Pit. 

(3)  Pit  similar  to  Type  2,  one  side  open,  pit  3  feet  deep,  with 
depressed  track  alongside,  the  top  of  car  approximately  level  with  base 
of  rail  on  the  cinder  track. 

(4)  Depressed  pit  filled  with  water,  into  which  the  cinders  are 
dropped,   one   feature  being  to  design  the  pit  so  that  cinders  will   drop 
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Fig.  3.    Depressed  Ash  Car  Track. 
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directly  into  the  water  and  reach  the  main  body  of  the  pit  freely, 
another  feature  being  the  easy  removal  of  the  cinders  by  grab  bucket 
operated  either  by  a  gantry  or  locomotive  crane. 

(5)     Pit  equipped  with  bucket  or  car  located  under  the  track  and 
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Fig.  4.    Water  Pit  with  Gantry  Crane. 


hoisted  by  mechanical  means,  the  cinder  bucket  or  car  running  on  rails 
placed  on  an  incline,  car  being  run  high  enough  to  dump  in  a  car  located 
on  a  track  parallel  to  and  approximately  25  feet  centers  from  ash  track. 
All  types  of  pits  should  be  equipped  with  water  supply  to  wet  down 
the  hot  cinders. 


Fig.  5.     Track  Pit  with  Bucket,  Power  Operation. 
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The  available  records  are  not  kept  -in  such  shape  that  it  is  possible 
to  determine  the  relative  economy  of  various  types  of  pits,  but  where  a 
large  number  of  engines  are  handled,  the  water  type  pit,  with  loco- 
motive or  gantry  crane  with  grab  bucket,  is  recommended. 

(d)     COALING  STATIONS. 

The  Committee  has  no  additional  information  to  offer  on  coaling 
stations,  the  report  last  year  being  as  complete  as  we  could  make  it, 
except  for  the  question  of  storing  coal  in  summer  for  winter  consump- 
tion to  relieve  revenue  cars  during  the  winter  season. 

The  Committee  recommends  this  subject  be  continued  for  another 
year,  and  that  they  be  instructed  to  consider  the  storing  and  handling  of 
stored  coal. 

Respectfully  submitted, 

COMMITTEE  ON  BUILDINGS. 


REPORT  OF  COMMITTEE  XVIII— ON  ELECTRICITY. 

George  W.  Kittredge,  Chairman;      J.  B.  Austin,  Jr.,  Vice-Chairman; 

D.  J.  Brumley,  C.  E.  Lindsay, 
R.  D.  Coombs,  W.  L.  Morse, 
A.  O.  Cunningham,  W.  S.  Murray, 
Walt  Dennis,  J.  A.  Peabody, 
R.  H.  Ford,  Frank  Rhea, 
George  Gibbs,  J.  R.  Savage, 

G.  A.  Harwood,  Martin  Schreiber, 

E.  B.  Katte,  H.  U.  Wallace, 

Committee. 

To  the  Members  of  the  American  Kailzvay  Engineering  Association: 
Your   Committee   presents    herewith   its    annual   report   for   the  year 

1915- 

The  following  outline  of  work  was  assigned  to  your  Committee  by  the 

Board  of  Direction: 

(1)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

(2)  Continue  the  study  of  the  subject  of  clearances  of  third  rail  and 
overhead  structures,  conferring  with  other  Committees. 

(3)  Continue  the  study  of  electrolysis  and  insulation  and  its  effect 
upon  reinforced  concrete  structures. 

(4)  Report  on  water  power  for  electrical  railway  operation. 

(5)  Continue  the  study  of  maintenance  organization  and  relation  to 
track  structures. 

No  meeting  was  held  during  the  year,  such  work  as  was  done  having 
been  accomplished  by  correspondence. 

(1)    CLEARANCES. 

The  Sub-Committee  on  Clearances  has  brought  up  to  date  as  of 
December  31,  1915,  data  regarding  overhead  clearances  on  various  electri- 
fied roads  in  the  United  States,  as  shown  in  Table  2,  pp.  402-405,  and 
also  data  regarding  third  rail  clearance  on  various  electrified  roads  as 
shown   in  Table    1,   page  401. 

(2)     TRANSMISSION  LINES  AND  CROSSINGS. 

Messrs.  R.  D.  Coombs,  G.  A.  Harwood  and  E.  B.  Katte  have  con- 
tinued serving  as  representatives  of  your  Association  on  the  National 
Joint  Committee  on  Overhead  and  Underground  Line  Construction.  This 
Joint  Committee  has  not  yet  completed  its  work  on  the  revision  of  the 
crossing  specifications,  nor  completed  any  other  new  specification. 

399 


400  ELECTRICITY. 

Your  Association's  delegates  were  actively  engaged  with  the  Joint 
Committee  on  preparation  of  the  revised  specifications  for  crossings,  when 
the  progress  of  the  National  Joint  Committee's  work  was  arrested  and 
held  in  abeyance  by  the  fact  that  the  United  States  Bureau  of  Standards 
was  about  to  issue  a  Safety  Code  which  included  specifications  for  cross- 
ings. Therefore  no  definite  report  will  be  made  by  the  National  Joint 
Committee  until  the  Safety  Code  is  issued  and  subjected  to  study  by  the 
National  Joint  Committee. 

It  is  hoped  that  the  National  Joint  Committee  will  take  up  its  in- 
terrupted work  early  in  1916. 

(5)     ELECTROLYSIS. 

Messrs.  Brumley,  Katte  and  Murray  have  continued  as  your  Asso- 
ciation's representatives  on  the  National  Joint  Committee  on  Electrolysis, 
and  report  that  they  have  no  report  to  make  to  the  Committee  on 
Electricity  until  the  preparation  of  a  report  by  the  National  Joint  Com- 
mittee on  Electrolysis. 

No  meeting  of  the  National  Joint  Committee  on  Electrolysis  was  held 
during  191 5,  but  sub-committees  have  been  at  work  preparing  various 
sections  of  the  report,  and  it  is  expected  that  galley  proofs  of  the  report 
will  be  ready  for  final  check  early  in  1916. 

(3)     INSULATION;     (4)     MAINTENANCE    ORGANIZATION; 
(6)  RELATION  TO  TRACK  STRUCTURES. 

Your  Committee  has  nothing  new  to  report  on  the  above  subjects. 

RECOMMENDATIONS. 

(1)  The  Committee  recommends  that  the  revised  data  regarding 
overhead  and  third  rail  clearances  be  received  as  information. 

(2)  The  Committee  recommends  that  representatives  continue  to 
serve  on  the  National  Joint  Committee  on  Electrolysis  and  the  National 
Joint  Committee  on  Overhead  and  Underground  Line  Construction,  and 
that  the  statistical  data  furnished  by  the  Sub-Committee  on  Clearances  be 
kept  up  to  date. 

(3)  Your  Committee  also  recommends  that  during  the  coming  year 
the  subject  of  report  on  water  power  for  electrical  railway  operation  be 
taken  up  and  report  considered  and  submitted. 

(4)  That  consideration  be  given  any  new  information  that  may  de- 
velop in  reference  to  Maintenance  Organization  and  Relation  to  Track 
Structures,  and  asks  for  such  other  instructions  as  seem  necessary  or 
desirable. 

Respectfully  submitted  for  the  Committee  by 

GEO.  W.  KITTREDGE, 

Chairman. 
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REPORT  OF   SPECIAL   COMMITTEE  ON   GRADING  OF 

LUMBER. 

Dr.  Hermann  von  Schrenk,  Chairman;   B.  A.  Wood,  V ice-Chairman; 
W.  McC.  Bond,  W.  H.  Norris, 

D.    Fairchild,  J.  J.  Taylor, 

Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

Your  Committee  last  year  called  attention  to  the  practical  diffi- 
culties of  distinguishing  between  various  species  of  Southern  Yellow 
Pine,  and  to  the  fact  that  it  has  been  generally  recognized  that  it  makes 
little  practical  difference  from  what  species  of  pine  a  structural  timber 
is  cut  so  long  as  certain  density  requirements  are  met,  in  addition  to  the 
usual   heart   and    sap    requirements. 

During  the  past  year,  after  a  very  exhaustive  series  of  investigations 
conducted  by  the  United  States  Forest  Service,  in  co-operation  with  the 
manufacturers  of  Southern  Yellow  Pine,  the  American  Society  for  Test- 
ing Materials  adopted  a  rule  establishing  two  classes  of  Southern  Yellow 
Pine,  called  "dense"  pine  and  "sound"  pine.  This  rule  is  practically  that 
formulated  by  the  United  States  Government  and  used  in  the  purchase 
of  timber  for  the  Panama  Canal.  Since  the  adoption  of  the  rule  by  the 
American  Society  for  Testing  Materials,  the  same  has  been  endorsed  and 
accepted  as  a  whole  by  the  Southern  Pine  Association,  which  includes  the 
largest  manufacturers  of  Southern  Yellow  Pine.  Your  Committee  has 
followed  the  investigations  made  by  the  Government  and  by  the  Ameri- 
can Society  for  Testing  Materials,  and  has  co-operated  with  the  com- 
mittees who  considered  these  matters,  and  is  strongly  of  the  opinion 
that  the  rule  as  adopted  offers  a  very  practical  solution  of  an  exceedingly 
vexing  problem.  The  detailed  investigations  made  by  the  Government, 
upon  which  the  new  rule  was  based,  are  fully  set  forth  in  the  1915 
report  of  the  Committee  of  the  American  Society  for  Testing  Materials, 
and  those  interested  are  respectfully  referred  to  that  report  for  detailed 
information. 

After  a  careful  consideration  of  the  matter,  your  Committee  has 
approved  the  new  rule,  and  presents  the  same  to  the  members  of  this 
Association,  with  the  recommendation  that  the  same  be  adopted  as 
standard. 

Attention  is  called  to  the  fact  that  two  classes  of  Southern  Yellow 
Pine  are  established — dense  pine  and  sound  pine.  These  terms  replace 
the  botanical  designations  hitherto  used,  namely,  longleaf  and  shortleaf 
pines.  The  terms  dense  and  sound  pines  refer  strictly  to  qualities  of 
density  and  weight  in  their  relation  to  strength  values.  Fig.  1  illustrates 
in  a  striking  manner  the  necessity  for  some  designation  other  than  the 
botanical  designation.     The  four  wood  samples  shown  in  this  figure  are 
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botanical  longleaf  pine.*  It  will  he  noted  that  the  modulus  of  rupture 
in  these  four  pieces  varies  from  11,110  to  4,660  lbs.  The  upper  two 
pieces  fall  wkhin  the  new  grade  "dense  pine."  and  the  lower  two  pieces 
fall  within  the  grade  "sound  pine." 

The  adoption  of  the  new  grading  rule  by  this  Association  would  not 
change  any  of  the  standard  rules  for  structural  timbers,  except  that  in 
the  specifications  as  now  printed  in  the  Manual,  the  term  "longleaf"  would 
be  changed  to  read  "dense  pine"  and  the  term  "shortleaf"  to  read  "sound 
pine."  The  classification  "dense  pine"  will  include  all  of  the  high-grade 
pieces  of  what  has  hitherto  been  called  "longleaf"  and  exclude  the  pieces 
of  longleaf  pine  of  inferior  strength.  It  would  also  include  a  com- 
paratively small  percentage  of  the  strongest  pieces  of  shortleaf  pine.  At 
the  present  time,  the  standard  specification  for  structural  timbers  as 
printed  in  the  Manual  designate  that  certain  timbers  shall  be  longleaf 
and  that  others  may  be  shortleaf.  There  has  been  no  method,  however, 
which  could  be  used  to  determine  whether  any  particular  timber  was 
longleaf  or  shortleaf.  The  new  rule  ignores  the  difficult  problem  of  deter- 
mining the  botanical  species  and  substitutes  therefor  a  basis  of  physical 
measurement  which  can  be  readily  applied  and  which  will  not  be  subject 
to  personal  opinion  or  individual  judgment. 

DEFINITION  FOR  SOUTHERN  YELLOW  PINE.f 

Southern  Yellow  Pine. — This  term  includes  the  species  of  yellow 
pine  growing  in  the  Southern  States  from  Virginia  to  Texas,  that  is, 
the  pines  hitherto  known  as  longleaf  pine  (Piuits  palitstris),  shortleaf 
pine  (Pinus  echinata),  loblolly  pine  (Pinus  taeda),  Cuban  pine  (Pinus 
hcterophylla)  and  pond  pine  (Pinus  serotina). 

Under  this  heading  two  classes  of  timber  are  designated  :  (a)  dense 
Southern  Yellow  Pine,  and  (b)  sound  Southern  Yellow  Pine.  It  is 
understood  that  these  two  terms  are  descriptive  of  quality  rather  than  of 
botanical  species. 

(a)  Dense  Southern  Yellow  Pine  shall  show  on  either  end  an  aver- 
age of  at  least  six  annual  rings  per  inch  and  at  least  one-third  summer- 
wood,  or  else  the  greater  number  of  the  rings  shall  show  at  least  one- 
third  summerwood,  all  as  measured  over  the  third,  fourth  and  fifth  inches 
of  a  radial  line  from  the  pith.  Wide-ringed  material  excluded  by  this 
rule  will  be  acceptable,  provided  that  the  amount  of  summerwood  as 
above   measured   shall   be   at  least   one-half. 

The  contrast  in  color  between  summerwood  and  springwood  shall 
be  sharp  and  the  summerwood  shall  be  dark  in  color,  except  in  pieces 
having   considerably   above   the    minimum   requirement    for   summerwood. 

In  cases  where  timbers  do  not  contain  the  pith,  and  it  is  impossible 
to  locate   it   with   any  degree   of  accuracy,   the   same   inspection  shall  he 

♦The  wood  samples  and  data  are  furnished  through  the  courtesy  of  the 
United    States    Forest    Service. 

i Adopted  and  copyrighted  by  the  American  Society  for  Testing  Ma- 
terials,   August,    1915.     Reprinted    by   permission. 
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made  over  3  inches  on  an  approximate  radial  line  beginning  at  the  edge 
nearest  the  pith  in  timbers  over  3  inches  in  thickness  and  on  the  second 
inch  (on  the  piece)  nearest  to  the  pith  in  timbers  3  inches  or  less  in 
thickness. 

In  dimension  material  containing  the  pith  but  not  a  5-in.  radial  line, 
which  is  less  than  2  by  8  in.  in  section  or  less  than  8  in.  in  width,  that 
does  not  show  over  16  sq.  in.  on  the  cross-section,  the  inspection  shall 
apply  to  the  second  inch  from  the  pith.  In  larger  material  that  does  not 
show  a  5-inch  radial  line  the  inspection  shall  apply  to  the  3  inches 
farthest  from  the  pith. 

The  radial  line  chosen  shall  be  representative.  In  case  of  disagree- 
ment between  purchaser  and  seller,  the  average  summerwood  and  number 
of  rings  shall  be  the  average  of  the  two  radial  lines  chosen. 

(b)  Sound  Southern  Yellow  Pine  shall  include  pieces  of  Southern 
pine  without  any  ring  or  summerwood  requirement. 

GRADING  RULES  FOR  HEMLOCK  LUMBER. 

In  last  year's  report  (Bulletin  174,  page  907),  we  presented  tentative 
Grading  Rules  for  Hemlock  Lumber.  These  have  been  discussed  during 
the  past  year,  and  certain  changes  are  herewith  suggested. 

It  is  recommended  that  under  the  heading,  "General  Instructions," 
paragraphs  3,  4  and  6  should  be  omitted,  and  that  paragraphs  4,  5,  7,8  and  9 
should  be  renumbered  respectively,  3,  4,  5,  6  and  7.  With  these  three 
omissions,  the  Committee  recommends  the  adoption  of  the  Grading  Rules 
for  Hemlock  Lumber  this  year  as  standard  practice. 

SPECIFICATIONS  FOR  BRIDGE  TIMBERS  TO  BE  CREOSOTED. 

Your- Committee  has  been  at  work,  in  co-operation  with  the  Ameri- 
can Society  for  Testing  Materials,  with  a  view  of  preparing  specifica- 
tions for  bridge  timbers  to  be  creosoted.  The  Committee  of  the  Ameri- 
can Society  for  Testing  Materials  made  a  tentative  recommendation  last 
year,  which  your  Committee,  however,  is  unable  to  endorse.  It  is  be- 
lieved that  specifications  for  timbers  to  be  creosoted,  as  far  as  their 
quality  and  strength  are  concerned,  should  be  similar  to  timbers  to  be 
used  untreated,  with  the  exception  of  the  relation  of  heart-  and  sapwood. 
Where  timbers  are  to  be  creosoted,  a  certain  amount  of  sapwood  is  de- 
sirable; in  fact,  the  recent  investigations  made  on  some  of  the  German 
Government  railways  seem  to  indicate  that  the  ideal  condition  is  obtained 
when  a  complete  ring  of  sapwood  surrounds  the  heartwood.  Keeping 
these  factors  in  mind,  the  Committee  has  prepared  the  following  specifi- 
cations, which  are  presented  as  information. 

In  formulating  these  new  specifications  the  Committee  has  simply 
taken  the  standard  specifications  for  structural  timber  as  printed  in  the 
Manual,  and  omitted  all  reference  to  the  requirements  as  to  heartwood 
and  heart  face,  and  has  substituted  for  the  heart  requirements  a  clause 
permitting  sapwood.     The  most  recent  investigations  have  plainly  shown 
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that  sapwood  and  heartwood  have  exactly  the  same  strength,  with  equal 
moisture  content.  The  suggested  specifications  therefore  practically  repre- 
sent the  standard  as  printed  in  the  Manual,  with  the  exception  that  it 
now  gives  a  specification  which  will  give  the  best  results  when  chemically 
treated. 

PROPOSED  SPECIFICATIONS  FOR  SOUTHERN  YELLOW  PINE 
BRIDGE  AND  TRESTLE  TIMBERS  TO  BE  TREATED. 
(to  be   APPLIED  to   single  sticks   and  not  to  composite  members.) 
General  Requirements. 

i.  Except  as  noted,  all  timber  shall' be  sound,  sawed  to  standard  size, 
full  length,  square  cornered  and  straight;  close  grained  and  free  from 
defects  such  as  injurious  ring  shakes  and  cross  grain,  unsound  or  loose 
knots,  knots  in  groups,  decay,  or  other  defects  that  will  materially  impair 
its  strength. 
Standard  Size. 

2.  "Rough   timbers    sawed   to   standard    size"    means   that   they    shall 
not  be  over  V^-inch  scant  from  the  actual  size  specified.     For  instance,  a 
\2  by  i.»-inch  timber  shall  measure  not  less  than  n?4  by  1 1^4  inches. 
Standard    Dressing. 

3.  "Standard  dressing"  means  that  not  more  than  ]4  inch  shall  be 
allowed  for  dressing  each  surface.  For  instance,  a  12  by  12-inch  timber 
after  being  dressed  on  four  sides  shall  measure  not  less  than  n1.^  by  11^ 
inches. 

Quality. 

4.  All  timbers  shall  be  dense  pine  as  defined  by  the  American 
Society  for  Testing  Materials'  rule  for  dense  pine.* 

Stringers. 

5.  -  Knots  greater  than  I1 2-inch  in  diameter  will  not  be  permitted 
in  any  section  within  4  inches  of  the  edge  of  the  piece,  but  knots  shall 
in  no  case  exceed  4  inches  in  their  largest  diameter.  There  shall  be  no 
restrictions   as   to   the   amount  of   sapwood   allowed. 

Caps  and  Sills. 

6.  Shall  be  free  from  knots  over  2Tj  inches  in  diameter.  There 
shall  be  no  restrictions  as  to  the  amount  of  sapwood  allowed. 

Posts. 

7.  Shall  be  free  from  knots  over  2J2  inches  in  diameter.  There 
shall    be   no    restrictions    as   to    the    amount    of    sapwood    allowed. 

Longitudinal   Struts  and   Girts. 

8.  Shall  lie  square  cornered  and  sound  and  shall  be  free  from  large 
knots  or  other  defects  that  will  materially  injure  their  strength.  There 
shall  be  no  restrictions  as  to  the  amount  <>f  sapwood  allowed. 


*In   case  the  definition   for   "dense   pine"   is  adopted  by  this  Association, 
the   reference  to   "definition"   should  bo   changed. 
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Longitudinal  X   Braces,  Sash  and  Sway  Braces. 

g.  Shall  be  square  cornered  and  sound  and  shall  be  free  from  any 
large  knots  or  other  defects  that  will  materially  injure  their  strength. 
There  shall  be  no   restrictions  as  to  the  amount  of  sapwood  allowed. 

Ties  and  Guard  Rails. 

10.  Shall  be  free  from  any  large  knots  or  other  defects  that  will 
materially  injure  their  strength.  There  shall  be  no  restrictions  as  to 
the  amount  of  sapwood  allowed. 
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SUMMARY. 

In  summarizing  the  work  of  the  Committee,  we  would  recommend  : 

i.  That  the  definition  for  quality  of  Southern  Yellow  Pine  be 
adopted  as  standard. 

2.  That  the  Grading  Rules  for  Hemlock  Lumber,  as  printed  in 
Bulletin  174,  be  adopted  as  standard,  with  the  omissions  as  indicated  in 
this  report. 

Your  Committee  suggests  as  subjects  for  investigation  during  the 
coming  year: 

1.  Further  investigation  with  reference  to  specifications  for  Douglas 
fir  timbers,  to  be  carried  on  in  co-operation  with  the  American  Society 
for  Testing   Materials   and  other   organizations. 

2.  Investigation  and  report  with  reference  to  the  lasting  power  of 
pines  and  other  coniferous  woods,  as  influenced  by  the  resin  content  of 
timber.  This  work  to  be  done  in  co-operation  with  the  American  Society 
for  Testing  Materials  and  other  engineering  bodies  and  the  Federal 
Government  Bureau  now  engaged  in  extensive  investigations  dealing  with 
this  subject. 

3.  The  revision  of  specifications  for  rules  already  issued.  Sev- 
eral organizations  or  manufacturers  have  materially  simplified  their  rules, 
or  are  in  the  process  of  doing  so.  The  Committee  believes  that  some  of 
the  rules  already  adopted  are  too  cumbersome,  and  that  with  further 
work  very  material  shortening  may  be  obtained  which  will  result  in  a 
wider    application   to   maintenance   of    way   work. 

Respectfully  submitted, 

COMMITTEE  ON  GRADING  OF  LUMBER. 


REPORT  OF  COMMITTEE   XI— ON  RECORDS   AND 
ACCOUNTS. 

W.  A.  Christian-.  Chairman;  M.   C.   Byers,   Vice-Chairman ; 

F.  J.  Bachelder,  J.  H.  Prior, 
Lester  Bernstein,  J.  H.  Reinholdt, 
\Y.  S.  Danes,  ^  R.  C.  Sattley, 

G.  D.  Hill,  *  Guy  Scott, 
Henry  Lehn,  Huntington  Smith, 
J.  H.  Milburn,                                      H.  M.  Stout, 

T.   W.   Orrock,  Frank  Taylor, 

J.  C.  Patterson,  J.  M.  Weir, 

H.  C.  Phillips,  W.  D.  Wiggins, 

Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

The  Board  of  Direction  assigned  the  following  subjects  to  your 
Committee : 

(i)  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite   recommendations  for  changes. 

(2)  Report  on  the  use  of  small  forms  on  cardboard  or  other  suit- 
able material  for  use  of  fieldmen  in  making  daily  reports,  to  the  end  that 
supervision  may  be  facilitated  and  efficiency  encouraged. 

(3)  Continue  the  study  of  feasible  and  useful  subdivisions  of  Inter- 
state Commerce  Commission  Classification  Accounts  \ros.  202  and  220.  with 
a'  view  of  securing  uniformity  of  labor  costs,  separating  the  items  in 
accordance  with  such  forms  as  are  promulgated  by  the  Interstate  Com- 
merce Commission  during  the  year. 

(4)  Investigation  of  methods  for  reproducing  maps  and  profiles  on 
drawing  linen  for  permanent  record. 

The  following  Sub-Committees  were  appointed  to  deal  with  the  several 
subjects  assigned: 

Sub-Committee  (1)  :  G.  D.  Hill,  Chairman;  F.  J.  Bachelder,  W.  S. 
Danes,  J.  H.  Milburn,  J.  W.  Orrock,  J.  C.  Patterson,  Frank  Taylor. 

Sub-Committee  (2)  :  H.  C.  Phillips,  Chairman ;  Guy  Scott,  J.  M 
Weir,  R.  C.  Sattley,  W.  D.  Wiggins. 

Sub-Committee   (3):     Henry  Lehn,  Chairman;  Lester  Bernstein,  J.  H. 
Reinholdt,  Huntington  Smith,  H.  M.  Stout. 

Sub-Committee  (4):  W.  A.  Christian.  Chairman;  M.  C.  Byers,  J.  H. 
Prior. 

A  meeting  of  the  General  Committee  was  held  in  Chicago,  on  Novem- 
ber   19,    1015,   the    following    members   being   present:     W.    A.    Christian, 
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Chairman ;  Lester  Bernstein,  J.  H.  Reinholdt,  Huntington   Smith,  H.  M. 
Stout,   W.   D.   Wiggins. 

The  following  report  is  respectfully  submitted  : 

(i)     REVISION  OF  MANUAL. 

After  careful  study  of  this  subject,  your  Committee  has  no  further 
changes  to  suggest  in  the  Manual  other  than  the  recommendations  sub- 
mitted in  its  report  of  1915. 

The  Committee  hesitates  to  recommend  any  changes  in  the  adopted 
Conventional  Signs  for  the  reason  that  the  pamphlet  has  had  wide  dis- 
tribution and  the  symbols  shown  therein  have  been  extensively  used  on 
maps,  profiles  and  other  drawings  already  submitted  to  the  Interstate 
Commerce  Commission. 

However,  the  Committee  submits  below  a  list  of  symbols  which  it 
considers  preferable  to  those  now  in  the  Manual,  and  desires  an  expression 
from  the  Association  whether  these  symbols  should  be  substituted  for  those 
adopted  last  year: 

Railroad   tracks — old   tracks  to   remain Use  heavy  black  line 

Foreign  tracks  Use  fine  black  line 

Company     property     line     to     be     "Company      ( External  mmm .  .  hbb  .  . 
Property    Boundary    Line"    (  Internal   .  .  .  . 

Track  pan _  (Track  Pan.) 


Use  symbol  of  trestle. 


3==# 


Deno+e  kind  and  span 

True  magnetic   meridian    ^ 


Pipes   (Ownership,   size  and   kind.) 
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Your  Committee  submits  the  following  alphabetically  arranged  index, 
covering  the  list  of  Conventional  Signs  : 

contents.  ' 

Pamphlet  Manual 

A                                       Page  Page 

Abutment     12  406 

Alinement    4  39$ 

Ash  Pit   6  400 

B 

Ballast   10  404 

Battery  27  421 

Boundary  Lines   4  398 

Bridge  Rivets 15  409 

Bridges 8  402 

Buildings   6  400 

C 

Compression  sign  15  409 

Controller,  current,  operated  by  levers    24  418 

— —current,  operated  by   signals    25  4'°- 

Crossings    7  401 

Culverts  8  402 

D 

Derail,    interlocking    20  414 

Disc  Signal 17  411 

E 

Electric  Lines   0  403 

Embankment    3  397 

Engine  House   6  400 

F 

Fence    5  399 

Fixtures,  Track 6  400 

G 

( Jirder    8  402 

H 

1 1  igh ways    7  4<  1  r 

Hydrography   3  30; 

I 

Indicators,    signal    22  416 

I  nsulating  rail  joints  18  412 

Interlocking   17  414 

switches   20  414 

derails    20  414 

J 

Joints,  insulating  rail 18  412 

K 

Kni  f e    switches  26  420 
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L 

Levers,  current  controllers  24  418 

Lines,  electric   9  403 

boundary  and  survey 4  39& 

pipe   8  402 

water    8  402 

Locks,  signal 22  416 

M 

Maps,  topographic  4  398 

track   4  398 

Mines   7  401 

Miscellaneous    12  406 

P 

Pipe  .Lines 8  402 

Platform    6  400 

Pole  Wire  Lines  12  40^ 

R 

Rail 10  404 

Railway  maps,  topographic  4  398 

track 4  398 

Relays,  signal  22  416 

Relief     3  397 

Rivets,  bridge 15  409 

S 

Section,  standard  13  407 

Sewers 8  402 

Sign,  track n  405 

Signals 16  405, 410 

-disc 17  4ii 

current  controller 25  419 

knife  26  420 

Stop,  train 18  412 

Stresses,  tension,  compression  15  409 

Supply  lines  8  402 

Survey  lines 4  398 

Switch,  interlocking    -r 20  414 

T 

Tension  Sign  15  409 

Topographic  maps  4  308 

Track  Fixtures  6  400 

Track  Maps  4  398 

Train  Stop .- 18  412 

V 

Village    5  300 

W 

Water  Lines 8  402 
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(2)  USE  OF  SMALL  FORMS  ON  CARDBOARD. 

Your  Committee  reports  progress  on  this  subject,  and  hopes  to  be 
able  to  make  a  report  thereon  next  year. 

(3)  SUB-DIVISIONS   OF    INTERSTATE   COMMERCE   COMMIS- 

SION ACCOUNTS. 
Nos.  202  and  220. 
Since  the  Interstate  Commerce  Commission  have  not  promulgated  any 
new  forms  having  a  bearing  on  Accounts  Nos.  202  and  220,  your  Com- 
mittee makes  no  further  recommendations  other  than  submitted  in  1915. 

(4)  METHODS  FOR  REPRODUCING  MAPS  AND  PROFILES  ON 

DRAWING  LINEN  FOR  PERMANENT  RECORD. 

The  best  known  reproductions  of  tracings  are  as  follows : 
Ferro  Prussiate — White  line  on  Blue  ground. 
Pellet — Blue  lines  on  White  ground. 
Ferro-gallic — Black  lines  on  White  ground. 
Brown — White  lines  on  Brown  ground. 
The  photographic  process. 
The  hectograph  process. 
The  planograph  process. 
The  lithographic  process. 

The  first  four  are  too  well  known  to  need  any  explanation.  The 
photographic  process  is  quite  varied,  but  the  one  most  generally  used  is 
where  the  photograph  is  made  positive  on  paper  without  the  use  of  the  so- 
called  negative.  The  hectographic  process  is  one  where  the  various  colors 
of  inks  are  used,  and  when  applied  to  pads  the  ink  being  absorbed  therein. 
The  planograph  process  is  one  where  the  image  is  reproduced  negatively 
on  a  coated  plate  and  treated  in  chemical  baths,  allowing  the  high  and 
low  lights  to  stand  in  relief.  This  plate  may  be  used  in  a  printing  press. 
The  lithographic  process  is  the  latest  in  this  country,  and  on  account  of 
its  cheapness  it  is  used  for  the  reproduction  of  original  tracings.  It 
being  a  dry  process  throughout,  the  reproductions  are  naturally  true  to 
scale  of  the  original. 

In  explaining  this  latter  process,  it  might  be  said  that  a  plate  of 
any  smooth  substance,  such  as  metal,  glass  or  linoleum,  is  coated 
with  a  gelatine  in  which  are  placed  certain  chemicals  after  the  gela- 
tine is  melted.  To  apply  this  gelatine  the  plate  is  placed  in  an  inclined 
position  and  covered  with  the  gelatine.  After  the  plate  is  entirely  cov- 
ered, it  is  put  in  a  horizontal  position  and  allowed  to  cool.  The  original 
tracing  is  put  in  a  vacuum  frame  and  a  print  is  made  similar  to  a  blue- 
print. This  print  then  is  applied  to  the  gelatine  plate,  it  being  removed 
as  fast  as  applied.  There  appears  on  the  gelatine  the  image  of  the  original 
in  dark  blue  lines  caused  by  the  action  of  the  chemical  of  the  print  and 
gelatine.     Ink  is  then  applied  to  the  gelatine  and  adheres  in  proportion 
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to  the  density  of  the  lines  of  the  original.  This  is  the  most  important 
thing  in  this  process.  In  other  words,  the  reproductions  are  only  good 
if  the  lines  of  the  original  are  opaque.  This  process  should  be  worked 
in  a  cool  temperature.  Reproductions  by  this  process  may  be  made  on 
any  material.  Any  portion  of  the  original  not  wanted  in  the  reproduc- 
tion can  be  removed  either  on  the  so-called  blueprint  or  plate.  Any 
additions  may  be  made  in  sections  by  making  another  print  of  same 
and  pasting  it  on  original  blueprint  before  applying  to  pad. 

Where  originals,  as  in  railroad  alinement  maps,  are  very  long  and 
wide,  it  is  possible  to  reproduce  these  in  any  desired  width  or  length. 
It  is  quite  common  on  right-of-way  sheets  to  reproduce  the  land  sched- 
ules in  their  proper  places,  originals  having  been  made  on  a  type- 
writer using  a  black  ribbon  and  having  a  black  carbon  reversed  on  the 
back  of  the  original,  thereby  making  letters  opaque. 
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CONCLUSION. 

Your  Committee  recommends  that  this  report  be  accepted  as 
information. 

RECOMMENDATIONS    FOR   NEXT   YEAR'S   WORK. 

(i)     Prepare   standard  specifications   for  maps  and  profiles. 

(2)  Study  various  methods  of  reproducing  maps  and  profiles  on 
tracing   linen    for   permanent    records. 

(3)  Study  the  Interstate  Commerce  Commission  classifications  of 
"Investment  in  Road  and  Equipment"  and  "Operating  Expenses.''  and 
report  upon  any  desired  changes. 

(4)  Make  a  comprehensive  study  of  the  problem  of  recording  and 
reporting  the  cost  of  additions  and  betterments. 

(5)  Make  a  comprehensive  study  of  the  valuation  forms  now  in 
use  in  America  and  recommend  standard  forms  for  both  field  and 
office  use. 

Respectfully   submitted, 

COMMITTEE    ON    RECORDS    AND    ACCOUNTS. 


NOTE.— The  following  copyrighted  report,  pp.  425  to  445,  inclusive, 
is  not  released  for  republication,  in  whole  or  in  part.  All  rights 
reserved. 

REPORT  OF  COMMITTEE  XII— ON  RULES  AND 
ORGANIZATION. 

G.  D.  Brooke,  Chairman;  F.  D.  Anthony,  Vice -Chairman; 

L.  L.  Beal,  J.  B.  Carothers, 

C.  Dougherty,  A.  J.  Himes,  ' 

Ralph  Budd,  R.  P.  Black, 

S.  E.  Coombs,  B.  Herman, 

Jos.  Mullen,  E.  T.  Reisler, 

Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

INSTRUCTIONS. 

The  following  instructions  were  assigned  for  the  work  of  the  past 
year: 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit  definite  recommendations  for  changes. 

2.  Report  on  clearance  for  maintenance  of  way  structures  under 
assignment  from  the  Committee  on  Maintenance  of  the  American  Railway 
Association,  conferring  with  other  committees. 

3.  Continue  the  formulation  of  rules  for  the  guidance  of  field  parties. 

4.  Continue  the  study  of  science  of  organisation. 

REVISION  OF  MANUAL. 

After  a  careful  review  of  the  subject-matter  in  the  Manual  of  191 1 
and  the  supplements  thereto,  the  following  changes  are  recommended : 

Omit  rule  17,  applying  to  Signal  Supervisors,  shown  in  the  Supple- 
ment to  Manual  of  1913.  which  follows: 

17.  They  must  keep  all  interlocking  pipe  lines  and  trunking  free  from 
grass  and  weeds  and  all  switches,  frogs  and  movable  parts  of  interlocking 
plants  free  from  snow,  ice  and  other  obstructions. 

In  the  Supplement  to  Manual  of  1012,  change  rule  22  as  follows : 
Present  Rule: 

In  making  temporary  connections  in  main  tracks  an  old  rail  shall  be 
cut  and  fastened  to  the  new  rail,  using  compromise  joints  where  necessary. 
Proposed  Rule : 

In  making  temporary  connections  in  main  tracks  a  new  rail  shall  be 
cut  and  fastened  to  the  old  rail,  using  compromise  joints  where  necessary. 

This  change  is  recommended  with  the  view  of  preventing  injury  to 
the  new  rail  by  having  the  ends  at  uneven  joints  battered  where  con- 
nected to  the  old  rail.  The  short  piece  of  new  rail  can  be  used  over  and 
over  again  by  moving  it  ahead. 
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In  the  Supplement  to  Manual  of  1913  under  "Switches  and  Frogs," 
substitute  the  word  turnouts  in  Rules  32  and  34  for  the  word  switches,  and 
in  Rule  33  for  the  words  switches  and  frogs.  These  rules  will  then  take 
this  form  : 

32.  Turnouts  must  be  placed  in  accordance  with  the  standard  plans 
and  as  located  by  the  Engineer. 

33.  Turnouts  must  be  kept  well  lined  and  in  good  order.  Particular 
care  must  be  taken  to  maintain  good  surface  through  turnouts. 

34.  Turnouts  must  be  inspected  frequently  to  see  that  they  are  in 
working  order  and  that  all  nuts,  bolts  and  other  fastenings  are  in  place 
and  properly  tightened.  Broken  or  damaged  parts  must  be  renewed 
promptly. 

Omit  the  last  sentence  of  Rule  39,  under  "Guard  Rails,"  which  follows: 
The  tops  of  the  guard  rails  must  be  level  with  the  tops  of  the  main 
rails  and  must  be  securely  held  in  place. 

The  rule  will  then  take  this  form : 

39.  Frogs  must  be  protected  by  guard  rails,  constructed  and  placed  in 
accordance  with  the  standard  plans. 

To  the  General  Notice  of  the  Rules  Governing  Construction  Depart- 
ment Employes,  Supplement  to  Manual  of  1914,  add  the  following  rule, 
which  has  been  adopted  for  the  maintenance  of  way  employes : 

12.  The  use  of  intoxicants  by  employes  while  on  duty  is  prohibited. 
Their  use,  or  the  frequenting  of  places  where  they  are  sold,  is  sufficient 
cause  for  dismissal. 

Under  "Organization,"  in  the  same  supplement,  after  Resident 
Engineer,  add   (or  Title). 

CLEARANCE  FOR  MAINTENANCE  OF  WAY  STRUCTURES. 
This  subject  is  covered,  in  a  separate  report. 

RULES  FOR  GUIDANCE  OF  FIELD  PARTIES. 
Progress  is  reported. 

SCIENCE  OF  ORGANIZATION. 
Progress  is  reported. 

RECOMMENDATIONS  FOR  NEXT  YEAR'S  WORK. 

Your  Committee  recommends  that  the  following  subjects  be  reassigned 
for  next  year: 

1.  Continue  the  formulation  of  rules  for  the  guidance  of  field  parties. 

2.  Continue  the  study  of  science  of  organization. 

Respectfully  submitted, 
COMMITTEE  ON  RULES  AND  ORGANIZATION. 


♦PRELIMINARY    REPORT    OF    COMMITTEE    XJI— QN     RULES 
AND  ORGANIZATION. 

G.  D.  Brooke,  Chairman;  F.  D.  Anthony,  Vice-Chairman; 

L.  L.  Beal,  J.  B.  Carothers, 

C.  Dougherty,  A.  J.  Himes, 

Ralph  Budd,  R.  P.  Black, 

Jos.  Mullen,  .  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

INSTRUCTIONS. 

The  instructions  to  your  Committee  on  Rules  and  Organization  for 
the  work  of  the  current  year  included  the  following: 

(2)     Report  on  clearance  for  maintenance  of  way  structures  under 
assignment    from    the    Committee    on    Maintenance    of    the 
American  Railway  Association,  conferring  with  other  com- 
mittees. 
Early    in    May    the    Committee    received    a    request    from    President 
Trimble  that  the  report  on  this  subject  be  available   for  special  consid- 
eration of  the  Board  of  Direction  not  later  than  October  I,  in  order  that 
the  Association's  report  might  be  placed  in  the  hands  of  the  Committee 
on  Maintenance  of  the  American  Railway  Association  as  early  as  prac- 
ticable. 

COMMITTEE   MEETINGS. 

Three  meetings  of  the  Committee  were  held  for  the  consideration 
of  the  subject  of  clearances,  the  dates,  places  of  meeting  and  attendance 
of  which  are  given  below : 

Chicago,  111.,  January  16,  1915:  G.  D.  Brooke,  Chairman;  A.  M. 
Burt,  S.  E.  Coombs,  C.  Doughtery,  Jos.  Mullen,  E.  T.  Reisler. 

Cincinnati,  Ohio,  May  28,  1915:  G.  D.  Brooke,  Chairman;  L.  L. 
Beal,  J.  B.  Carothers,  C.  Dougherty,  B.  Herman,  Jos.  Mullen,  E.  T. 
Reisler. 

Detroit,  Mich.,  July  16  and  17,  1915:  G.  D.  Brooke,  Chairman;  J.  B. 
Carothers,  ■  S.  E.  Coombs,  C.  Dougherty,  B.  Herman,  A.  J.  Himes,  Jos. 
Mullen,  E.  T.  Reisler. 

Representation  from  other  Committees  :  Committee  on  Track :  J.  B. 
Jenkins,  Chairman;  H.  B.  Stuart  for  H.  R.  Safford.  Committee  on  Iron 
and  Steel  Structures :  A.  J.  Himes,  Chairman;  A.  C.  Irwin,  C.  E.  Smith, 
H.  B.  Stuart.  Committee  on  Electricity :  S.  E..  Coombs  for  George  W. 
Kittredge,  Chairman.  Committee  on  Roadway :  W.  M.  Dawley,  Chair- 
man; represented  by  letter. 
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On  June  n,  1915,  a  communication  was  addressed  to  the  Chairmen 
of  the  Committees  on  Roadway,  Track,  Buildings,  Iron  and  Steel  Struc- 
tures, Electricity  and  Yards  and  Terminals,  outlining  the  proposed  work 
on  the  subject  of  clearances  and  requesting  that  these  committees  be  rep- 
resented at  the  Detroit  meeting  with  a  view  of  harmonizing  this  report 
with  any  work  those  committees  have  done  pertaining  to  or  affecting 
clearances.  This  resulted  in  representation  from  three  of  the  commit- 
tees and  a  communication  from  a  fourth,  as  above  indicated. 

DATA  AVAILABLE  FOR  STUDY. 

The  following  sources  of  information  have  been  drawn  upon  in 
determining  the  clearances  recommended  : 

The  Committee  on  Maintenance  of  the  American  Railway  Associa- 
tion provided  the  Committee  with  two  tabulated  statements  showing  the 
present  and  recommended  practices  in  the  United  States  and  Canada  as 
to  the  clearances  of  high  and  low  switchstands,  platforms,  signal  masts, 
water  columns,  etc.,  as  indicated  by  the  replies  to  Circular  No.  1335,  and 
constituting,  undoubtedly,  the  most  complete  information  of  the  kind  on 
record. 

The  information  collected  by  the  Committee  on  Iron  and  Steel  Struc- 
tures in  connection  with  its  study  of  the  bridge  clearance  diagram  and 
found  in  its  reports  for  the  years  1914  and  1915,  Proceedings,  Vols.  15 
and  16. 

An  excellent  article  in  the  Railway  Age  Gazette  of  August  28,  1914. 
entitled   "The   Present   Status   of   Clearance  Legislation." 

Accident  reports  of  the  Interstate   Commerce   Commission. 

PRESENT  STANDARD  SIDE  CLEARANCES. 

An  examination  of  Appendices  B,  C  and  D  will  show  that  the  long- 
established  horizontal  clearance  of  7  feet  from  the  center  line  of  the 
nearest  track  is  losing  favor.  While  a  large  number  of  roads  still  ad- 
here to  this  standard  for  the  bridge  clearance  diagram,  and  four  of  the 
roads  report  standards  less  than  7  feet,  a  large  number  report  clear- 
ances greater  than  7  feet,  and  of  these,  roads  represented  by  about  30 
per  cent,  of  the  mileage  favor  a  clearance  of  8  feet  or  more.  It  will 
be  found,  nevertheless,  that  clearances  of  8  feet  or  more  for  switch- 
stands,  water  columns,  buildings,  coal  chutes,  etc.,  in  fact,  for  most 
other  objects  in  close  proximity  to  tracks,  are  now  the  standard  prac- 
tice on  by  far  the  greater  number  of  roads  embracing  75  per  cent,  of  the 
mileage  of  the  country. 

With  the  increase  in  size  of  cars  and  locomotives,  the  roadbed  and 
track  have  been  strengthened  to  carry  the  greater  rolling  loads.  This  has 
been  accomplished  by  heavier  rail,  closer  spacing  of  ties,  using  a  greater 
depth  of  ballast  and  better  ballast,  widening  the  roadbed  to  produce 
stability  and  constructing  better  ditches  to  drain  the  roadbed  and  track. 
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It  was  logical  that  along  with  this  development  the  increase  of  standard 
clearances  should  be  found  advisable,  and  it  is  to  be  expected  that  the 
time-honored  clearance  of  7  feet  will  be  used  less  and  less  as  the  strength- 
ening of  roadway  and  track  to  meet  present-day  traffic  conditions 
progresses. 

PRESENT  ACTUAL   SIDE  CLEARANCES. 

The  side  clearance  of  7  feet  for  bridges  and  other  objects  along 
railroads  was  in  general  use  30  years  ago  and  probably  before  that, 
and  on  a  decreasingly  small  number  of  roads  during  that  time  a 
clearance  less  than  7  feet  has  been  used.  It  is  the  natural  outcome, 
therefore,  that  there  are  many  clearances  on  a  great  many  of  the  rail- 
roads of  the  country  of  7  feet  or  less.  On  many  of  the  Eastern  roads, 
tunnels,  bridges  and  other  structures,  multiple  track  systems  and  yards, 
built  when  clearance  of  from  6  to  6l/2  feet  were  considered  good  prac- 
tice, are  now  in  use.  These  small  clearances  are  more  general  in  the 
cities  and  closely-populated  country  districts  where  property  is  more 
valuable  than  in  the  more  open  country,  and  even  if  the  space  for  in- 
creasing them  was  available,  the  cost  of  reconstruction  would  be  enor- 
mous. It  is  at  once  clear  that  these  constitute  conditions  which,  while 
not  altogether  desirable,  nevertheless  are  not  serious  obstacles  to  suc- 
cessful operation  and  must  be  made  the  best  of  in  the  future  as  they 
have  in  the  past.  Many  of  the  roads  which  recommend  clearances  of  8 
feet  or  more  and  have  adopted  them  as  their  standards,  have  many  re- 
stricted clearances  such  as  are  above  described.  There  is  no  doubt, 
though,  but  that  these  roads  have  no  present  intentions  of  proceeding  to 
increase  these  clearances,  where  the  expenditures  involved  are  excess- 
ive, for  the  sole  purpose  of  securing  the  greater  clearances;  but  when 
reconstruction  is  required  on  account  of  some  other  necessity  or  expedient 
the  standard  clearances  will  be  adhered  to.  It  must  be  clearly  recognized 
that  a  large  percentage  of  these  restricted  clearances  must  of  necessity  be 
maintained  for  years  to  come — in  fact,  indefinitely. 

VERTICAL  CLEARANCES. 

It  is  clearly  brought  out  in  the  data  available  that,  both  as  to  present 
and  recommended  standards,  the  roads  are  overwhelmingly  in  favor  of  a 
clearance  of  22  feet  above  the  top  of  the  rail.  This  standard  has  been  in 
general  use  for  a  number  of  years,  and  for  a  decade  and  a  half  com- 
paratively few  overhead  structures  of  less  clearance  have  been  built,  ex- 
cept where  the  grades  of  streets  or  other  railroad  tracks  have  made  this 
clearance  practicable.  It  can  well  be  said,  therefore,  that  the  overhead 
clearance  of  22  feet  is  generally  accepted. 

MINIMUM   STANDARD  CLEARANCES. 

That  standard  clearances  are  advisable  is  well  established  by  the 
general  practice   of  the  railroads  of  the  country.     That  there   are  wide 
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variations  between  the  standards  of  the  different  roads  is  equally  certain. 
The  latter  is  the  natural  outcome  of  differences  in  geographic  position  and 
period  of  construction.  A  line  in  open,  flat  country  can  provide  at  com- 
paratively small  expense  clearances  which  in  cities  or  closely-settled  coun- 
try districts  would  be  prohibitive.  Some  roads  already  have  standards 
considerably  in  excess  of  the  average  or  general  practice.  Other  things 
being  equal,  it  is  axiomatic  that  up  to  certain  limits,  the  greater  a  clear- 
ance the  better  it  is,  and  there  could  be  no  good  reason  for  reducing  the 
established  clearances  of  a  road  in  order  that  they  might  conform  to  a 
lesser  standard.  The  logical  course,  therefore,  is  to  prescribe  minimum 
clearances  only  and  to  place  no  restrictions  whatever  as  to  maximum 
clearances. 

TRACK  CENTERS. 

A  reference  to  Appendix  B  will  indicate  that  the  generally  accepted 
distance  between  the  centers  of  parallel  main  tracks  is  13  feet.  While  a 
few  roads  favor  a  less  distance  and  some  others  favor  14  feet,  there  can 
be  no  doubt  but  that  13  feet  is  the  proper  minimum  for  future  con- 
struction. 

COST  OF  INCREASING  CLEARANCES. 

The  one  principal  objection  to  increasing  present  clearances  of  7 
feet  or  less  is  the  heavy  cost.  Few  railroads  have  prepared  compre- 
hensive estimates  of  the  cost  of  such  work,  and  to  obtain  this  informa- 
tion for  all  the  mileage  of  the  country  would  in  itself  require  quite  heavy 
expenditures.  The  following  extract  from  the  Railway  Age  Gazette  of 
August  28,  1914,  contains  the  best  general  information  on  the  subject  ob- 
tainable and  indicates  the  enormous  cost  of  increasing  clearances,  both 
horizontal  and  vertical : 

"Very  little  exact  data  regarding  the  cost  of  such  work  has  been 
collected.  Two  years  ago  when  the  Martin  bill  was  before  Congress, 
estimates  made  by  115  roads,  with  152,600  miles  of  main  line,  showed 
an  approximate  cost  of  $139,000,000  to  comply  with  the  lateral  clearance 
requirement  of  6  feet  11  inches;  $135,000,000  to  secure  an  overhead  clear- 
ance requirement  of  20  feet ;  $167,000,000  to  secure  a  minimum  distance 
of  12  feet  6  inches  between  tracks,  and  $5,600,000  to  bring  the  equipment 
within  the  specified  limit,  or  a  total  of  approximately  $450,000,000.  As- 
suming a  proportionate  outlay  for  the  entire  mileage  of  the  country,  com- 
pliance with  the  Martin  bill  would  cost  the  railways  $716,000,000,  or  over 
$2900  per  mile  of  main  line. 

"Estimates  prepared  more  recently  by  13  roads,  with  34,895  miles  of 
line,  show  a  total  cost  of  $74,857,250  to  secure  a  minimum  vertical  clear- 
ance of  20  feet,  or  $2145  per  mile  for  these  roads.  Likewise,  14  roads, 
with  28,736  miles  of  line,  estimate  that  it  would  cost  them  $100,170,000, 
or  $3486  per  mile  to  secure  a  minimum  clearance  of  22  feet,  while  sev- 
eral roads  considered  this  latter  limit  unpractical  and  made  no  estimate. 
Similar  figures  of  the  cost  of  meeting  a  laterial  clearance  requirement  of 
7  feet  made  by  14  roads,  with  30,077  miles  of  line,  totaled  $59,136,349,  or 
$1966  per  mile.  On  the  basis  of  a  minimum  lateral  clearance  of  8  feet, 
12  roads,  with  26,305  miles  of  line,  estimated  the  cost  of  complying  at 
$104,573,000,  or  $3975  per  mile.     While  all  the  above  figures  are  estimates, 
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they  show  plainly  that  compliance  with  clearance  legislation  of  this  sort 
will  be  exceedingly  expensive  on  any  basis  which  may  be  adopted,  and 
on  the  basis  of  the  legislation  so  far  enacted,  it  will  not  fall  short  of 
$2500  per  mile  for  the  entire  country. 

"Such  legislation  will  affect  not  only  the  railways,  but  private  in- 
dustries as  well.  The  above  figures  refer  only  to  the  expense  that  would 
have  to  be  borne  directly  by  the  roads  and  do  not  include  the  cost  of 
changes  that  would  be  made  necessary  about  industrial  plants,  which 
would  also  reach  a  very  high  figure.  One  large  corporation,  which  made 
a  careful  estimate  of  the  cost  of  compliance  with  the  proposed  Martin 
bill,  found  that  it  would  cost  it  alone  over  $i,coo,coo.  It  is  entirely 
probable  that  the  total  cost  to  railways  and  industries  would  exceed 
$1,000,000,000." 

CLEARANCE  LEGISLATION. 

A  number  of  the  States  have  passed  laws  prescribing  horizontal  and 
vertical  clearances  and  in  other  States  orders  of  the  Railroad  Commis- 
sions regulate  them.  Appendix  E  contains  brief  summaries  of  these  laws 
and  commission  orders  and  will  indicate  the  attitude  of  legislative  bodies 
towards  the  subject.  Attention  is  directed  to  the  fact  that  legislatures  and 
commissions  are  taking  cognizance  of  the  needs  of  the  roads  in  regard  to 
special  clearances  for  platforms,  yard  tracks,  etc.,  and  of  the  necessity 
for  exempting  present  clearances  from  the  general  rules  established. 

REASONS  FOR  INCREASED  CLEARANCES. 

1.  Increasing  safety  to  passengers  and  employes  on  moving  trains. 

2.  Increasing  safety  to  bridges  and  hence  to  trains,  on  account  of 
reducing  the  danger  of  damage  from  shifted  loads  on  moving  trains. 

3.  Promoting  greater  efficiency  in  yard  and  road  switching,  as  men 
work  more  freely  when  unhampered  by  objects  close  to  the  tracks. 

4.  Greater  width  of  ballast  and  roadbed  requires  that  objects  be 
placed  further  from  the  center  of  tracks. 

5.  Reducing  liability  of  damage  to  switchstands,  water  tanks,  coal 
chutes  and  other  appurtenances  from  derailed  cars,  shifted  loads  or  ob- 
jects projecting  from  trains. 

6.  Improving  the  appearance  of  the  roadbed  and  track. 

SAFETY  OF  EMPLOYES. 

All  legislation  regulating  clearances  has  been  for  the  purpose  of  in- 
creasing the  safety  of  employes  riding  on  trains.  Any  future  legislation 
of  similar  character  will  undoubtedly  be  passed  on  the  same  grounds. 
Tables  1  and  2,  containing  statistics  taken  from  the  Interstate  Commerce 
Commission  accident  reports,  are  of  interest  in  this  respect.  From  Table 
1  it  will  be  seen  that  a  very  small  percentage  of  the  total  injuries  to  em- 
ployes is  caused  by  coming  in  contact  with  objects  over  or  alongside 
tracks,  and  that  the  tendency  is  for  the  percentage  of  deaths  from  this 
cause  to  decrease — it  averaging  3.2  from  1904  to  1509,  inclusive,  and  2.9 
from  1910  to  1914,  inclusive.  Table  2  gives  an  analysis  of  the  deaths 
and  injuries  due  to  employes  on  trains  striking  objects  along  tracks.     It 
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will  be  seen  that  if  accidents  due  to  bridges  and  buildings  could  be  elimi- 
nated the  number  of  deaths  would  be  small  indeed. 

Even  a  casual  examination  of  these  tables  and  of  the  other  personal 
injury  reports  of  the  Interstate  Commerce  Commission  will  reveal  that 
the  opportunities  for  saving  life  and  reducing  personal  injuries  by  in- 
creased clearances  are  comparatively  small,  and  the  conclusion  cannot 
be  escaped  that  if  funds  were  available  for  the  purpose  of  increasing  the 
safety  of  employes  the  returns  to  be  secured  from  a  general  increase  of 
clearances  would  be  very  low  indeed. 

EQUIPMENT  CLEARANCES. 

During  the  30  years  or  more  that  the  7-foot  clearance  has  been  the 
accepted  standard,  the  size  of  the  average  box  car  has  increased  in 
width  approximately  2  feet.  The  increase  in  the  size  of  the  average  car 
is  undoubtedly  a  large  factor  in  the  movement  for  increased  side  clear- 
ances. It  is  logical  to  inquire  therefore  whether  the  adoption  of  greater 
clearances  will  not  be  followed  by  corresponding  increases  in  the  size  of 
cars.  The  answer  of  experience  is  in  the  affirmative.  Therefore,  it  is 
the  opinion  of  this  Committee  that :  Any  attempt  to  establish  a  clearance 
diagram  will  be  xvholly  futile  unless  there  be  established  at  the  same  time 
a  corresponding  maximum  width  for  the  sice  of  railway  equipment. 

Such  an  equipment  diagram  would  not,  of  course,  limit  the  size  of 
locomotives  or  special  equipment  to  be  used  entirely  on  the  railroads 
owning  them. 

BASIS  ON  WHICH  CLEARANCES  ARE  RECOMMENDED. 

When  a  railroad  selects  a  certain  type  of  locomotive  as  its  standard 
freight  engine,  the  idea  of  replacing  all  the  engines  in  service  with  that 
type  is  not  even  considered.  When,  in  order  to  improve  the  quality  of 
steel  rails,  the  American  Railway  Association  developed  two  new  rail 
sections,  there  was  no  wild  rush  to  replace  all  the  rail  in  all  the  tracks  of 
the  country  with  rail  of  these  new  sections,  and  rails  of  light  weight 
and  primitive  section  are  still  doing  duty  on  light  traffic  lines  as  they 
did  30  years  ago.  The  American  Railway  Association  has  been  recom- 
mending standards  for  the  roadway,  track,  bridges,  buildings,  etc.,  for 
15  years,  but  no  railroad  officer  ever  seriously  thought  of  making  these 
standards  retroactive  and  rebuilding  their  railroads  to  make  them  con- 
form thereto. 

Is  there  any  more  reason  for  making  clearance  standards  retroactive 
than  standards  for  locomotives,  steel  rails,  bridges  or  buildings?  Why 
the  necessity  of  pulling  down  a  bridge  with  seven-ft.  side  clearance  to 
replace  it  with  a  structure  having  a  side  clearance  of  eight  feet,  when  the 
present  structure  has  proven  by  years  of  service  its  usefulness  and  safety? 

It  is  the  opinion  of  your  Committee  that  the  clearances  recommended 
in  this  report  should  be  applied  in  the  same  manner  as  other  standard 
practices  recommended  by  this  Association ;  that  there  are  absolutely  no 
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grounds  for  presupposing  that  they  will  become  retroactive ;  that  they 
apply  only  to  new  construction,  and  it  is  on  this  basis  alone  that  the 
recommendations  are  made. 

CLEARANCES  UNDER  SPECIAL  CONDITIONS. 

The  clearances  recommended  apply  to  main  tracks,  passing  tracks, 
running  tracks  and  yard  tracks  in  general  to  be  constructed  in  the  future. 
It  is  clearly  recognized,  moreover,  that  there  are  many  special  situations 
in  new  construction  work  where  these  clearances  -are  not  practicable — 
in  many  of  them  they  are  economically  impossible.  Your  Committee 
therefore  submits  below  a  partial  list  of  such  situations  with  the  recom- 
mendation that  they  and  others  similar  to  them  be  treated  individually 
and  decided  each  on  its  own  merits. 

CONCLUSIONS. 

(i)  This  subject  was  assigned  to  your  Committee  about  December 
i,  1914,  and  the  latter  part  of  April,  1915,  the  Committee  was  requested 
to  hurry  its  report  so  as  to  place  it  in  the  hands  of  the  Board  of  Direction 
by  October  1. 

(2)  A'  greater  length  of  time  than  that  allotted  to  the  Committee 
would  have  permitted  a  more  exhaustive  treatment  of  the  subject. 

{3)  With  the  time  and  the  material  available  the  Committee  has 
given  the  subject  careful  study.  Because  of  the  importance  of  the  sub- 
ject, however,  andi  the  probability  of  further  discussion,  it  is  recommended 
that  the  study  be  continued  next  year. 

(4)  The  clearances  recommended  are  based  on  the  present  general 
practice  as  to  dimensions  of  equipment. 

(5)  Any  attempt  to  establish  a  clearance  diagram  will  be  wholly 
futile  unless  there  be  established  at  the  same  time  a  corresponding  maxi- 
mum width  for  the  size  of  equipment. 

(6)  The  logical  course  is  to  prescribe  minimum  clearances  only  and 
to  place  no  restrictions  whatever  as  to  maximum  clearances. 
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Objects. 
(i)  High   Switchstands — for   new 
construction. 

(2)  Intermediate     Switchstands — 

for  nezv  construction. 

(3)  Low    Switchstands — for    nezv 

construction. 


RECOMMENDATIONS. 

The  following  minimum  clearances  are  recommended  for  new  con- 
struction and  reconstruction,  subject  to  the  exceptions  which  are  given 
below : 

Minimum  Clearance. 
From    center    of    track    to    nearest 
point  of  stand  or  target — 8  ft. 

From  center  of  track  to  nearest 
point  of  stand  or,  target — 8  ft. 

From  center  of  track  to  nearest 
point  of  stand,  8  ft.,  except  where, 
on  account  of  stands  being  placed  be- 
tween parallel  tracks,  less  clearance 
is  required.  In  such  cases  the  com- 
bined height  of  the  stand  and  lamp 
to  be  not  more  than  2  ft.  above  top 
of  the  rail. 

From  center  of  track  to  nearest 
point  of  stand  or  target — 8  ft.  From 
center  of  track  to  center  of  mast — 
10  ft. 

3  in.  to     6  in.  high 5  ft. 

•  6  in.  high 5  ft. 

7  in.  to     8  in.  high 5  ft.  6  in. 

9  in.  to  12  in.  high 5  ft.  6  in. 

12  in.  to  18  in.  high 6  ft. 

3  ft.  to  4  ft.  high— 8  ft.,  or  to  con- 
form to  clearance  diagram. 

4  ft.  to  7  ft.  high— 8  ft. 
8   ft,  or  to  conform  to   clearance 

diagram. 

8  ft.  from  center  of  track  to  near- 
est point  of  crane.  (From  3  ft. 
above  to  16  ft.  above  rail.) 

6  ft.  from  center  of  track  to  near- 
est point  of  pouch.  (From  3  ft. 
above  to  16  ft.  above  rail.) 

From  center  of  track  to  nearest 
point  of  column-^8  ft. 

From  center  of  track  to  nearest 
point  of  apron  when  not  in  use — 
8  ft. 

From  center  of  track  to  nearest 
point  of  structure— 8  ft. 


(4)   Signal  Stands — for  new  con- 
struction. 


(5)  Low      Platforms — for      new 
construction. 


(6)  High      Platforms — for     new 

construction. 

(7)  Platform    Shelters — for    new 

construction. 

(8)  Mail    Cranes — for    new    con- 

struction— Pouch  not  hung. 

Mail    Cranes — for    new    con- 
struction—Pouch  hung. 

(9)  Water      Columns— for      nezv 

construction. 
(10)   Coal    Chutes — for    nezv    con- 
struction. 
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Objects.  Minimum  Clearance. 

(n)   Tanks  and  Tank  Spouts— for        From    center    of   track    to    nearest 
nezu  construction.  point  of  spout  when  not  in  use — 8  ft. 

From  center  of  track  to  nearest 
point  of  structure — 8  ft. 

(12)  Bridge     Diagrams— for     new        Horizontal  width,  16  ft.  from  4  ft. 

construction.  above    to    16    ft.    above   top-  of    rail; 

top  horizontal  width — 8   ft. 

(13)  Parallel      Tracks— for      nczv        Between  parallel  tracks  on  .tangent 

construction.  — 13  ft- 

On  curves  a  correction  per  degree 
of  curve  should  be  made  for  over- 
hang. 

(14)  General  Clearance  Diagram —        Clearance  diagram  shown  on  page 

for  nczv  construction.  435  is  recommended. 


EXCEPTIONS     TO      WHICH     RECOMMENDED     CLEARANCES 
WILL  NOT  APPLY. 

(1)     Grade  crossing  elimination  work  in  cities. 


(2)  Separation  of  grades  in  new  construction  work  in  cities  or  other 
restricted  situations. 

(3)  Loading    platforms    along    sidetracks    at    freight   houses,    ware- 
houses, piers,  etc. 

(4)  Doors  of  engine  houses  and  other  buildings,  the  design  of  which 
makes  the  recommended  clearances  impracticable. 

(5)  Coach    or    other   yards   where    the    available    space    is    very    rc- 
stricted. 


(6)  Reconstruction    work    when    the    physical    conditions    make    the 
recommended  clearances  impracticable. 

(7)  Platforms   at    coach    floor    level    in    subways    and   other    similar 
situations. 


(8)     Overhead   clearances    on    tracks   used    exclusively   for  passenger 


(9)     Other  special  situations  requiring  special  clearances. 
Respectfully  submitted, 
COMMITTEE  ON  RULES  AND  ORGANIZATION. 
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Proposed  Standard  Clearances. 
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'This    c?/agram    jc/S/ecr  to, 
Excepf/0/73  to  wft/ch   Pecesrr- 
me/7<de<d  C/earartces  w///  vat 
app/y'^  page  433  and  is 
recommended  for  new 
Construct/oh   work. 
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Proposed  General  Clearance  Diagram. 
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TABLE  1. 

ACCIDENTS  TO  EMPLOYES  COMING  IN  CONTACT,  WHILE  RIDING  ON  CARS. 
WITH  OVERHEAD  BRIDGES,  TUNNELS  OR  ANY  SIGNAL  APPARATUS,  OR 
ANY  FIXED  STRUCTURE  ABOVE  OR  AT  SIDE  OF  TRACKS— 1904  TO  1914. 
Per  cent,  means  per  cent,  of  total  casualties  from  all  causes  for  the  year. 


Killed 

Per  Cent. 

Injured 

Per  Cent. 

1914  .                

89 

94 

77 

78       I 

96 

76 
110 
134 
132 

92 
116 

3.5 
3.2 
2.6 
2.4 
2.8 
3.1 
3.3 
3.1 
"3.4 
2.8 
3.4 

1490 
1835 
1523 
1523 
1377 
1229 
1353 
1591 
1497 
1185 
1210 

2.9 

1913                     

3.2 

1912                                    

3.1 

1911                                    

3.2 

1910 

1909 

1908                              

2.0 
2.4 

2.0 

1907. . .                          

2.5 

1906. . .                      

2.7 

1905 

1904                                

2.5 

2.8 

Taken  from  Interstate  Commerce  Commission  Accident  Bulletin. 


TABLE  2. 

ACCIDENTS  TO  EMPLOYES  YEARS  ENDED  JUNE  30,  1913  AND  1914,  CASUALTIES 
DUE  TO  COMING  IN  CONTACT,  WHILE  RIDING  ON  CARS,  WITH  OVERHEAD 
BRIDGES,  SIGNAL  APPARATUS,  AND  ANY  FIXED  STRUCTURE  ABOVE  OR 
AT  SIDE  OF  TRACK. 


Killed 

Pei  Cent. 

Injured 

Per  Cent. 

Objects  Struck 

1913 

1914 

1913  • 

1914 

1913 

1914 

1913 

1914 

1.  Switch  Stands 

2.  Water  Columns 

3.  Mail  Cranes 

4.  Buildings  (at  side  of 

or  inclosing  track) .  . 

6.  Bridges,  overhead. . . . 

7.  Tunnels 

8.  Overhead  Wires 

9.  Poles 

10.    Miscellaneous 

4 
3 
3 

22 
17 
31 
1 
2 
2 
8 

6 
6 
0 

13 
17 
22 
2 
6 
5 
12 

4.3 
3.2 
3.2 

23.6 
18.3 
33.3 
1.1 
2.2 
2.2 
8.6 

6.7 
6.7 
0.0 

14  6 
19.1 
24.7 
2.3 
6.8 
5.6 
13.5 

381 
147 
53 

234 
101 
278 
6 
140 
222 
273 

334 
119 
55 

191 
94 
198 
10 
106 
150 
233 

20.7 
8.0 
3.0 

12.8 
5.5 

15.1 
0.3 
7.6 

12.1 

14.9 

22.5 
7.4 
3.7 

12.9 
6.4 

13.4 
0.7 
7.2 

10.1 

15.7 

Total 

93 

89 

100.0 

100.0 

1835 

1490 

100.0 

100  0 

Appendix   A. 

STATEMENT     CONCERNING    A     PROPOSED     SPECIFICATION 

FOR   MINIMUM   HORIZONTAL   CLEARANCE   FOR 

RAILWAY   STRUCTURES. 

Made  before  the   Meeting-  of  the  Committee  on  Rules  and  Organization,  held 
at   Detroit,    July   16,    1915. 

By  A.  J.  Himes. 

Any  opinion  as  to  what  the  specified  minimum  clearance  shall  be 
should  rest  on  some  definite  basis,  and  in  order  that  my  vote  in  favor 
of  8  feet  from  the  center  line  of  the  main  track  may  be  properly  under- 
stood, and  by  way  of  contribution  to  the  discussion,  I  would  make  the 
following  comments : 

i.  It  seems  reasonable  to  assume  that  when  a  body  of  expert  En- 
gineers is  requested  to  make  an  official  recommendation  on  a  matter  of 
engineering,  it  is  expected  that  that  recommendation  shall  be  founded 
on  the  experience,  observation  and  judgment  acquired  in  the  practice  of 
engineering.  It  is  not  expected  that  the  recommendation  shall  be  founded 
on  questions  of  policy,  finance  or  politics.  It  is  of  small  moment  whether 
or  not  the  recommendation  be  finally  adopted  by  those  to  whom  it  is 
made.  For  those  making  the  recommendation  it  is  enough  that  the 
recommendation  shall  embody  the  widest  and  the  best  professional  ex- 
perience and  judgment  available.  With  this  in  mind  there  should  be 
eliminated  from  the  discussion  all  reference  to  the  effect  on  bodies, 
political  or  otherwise,  of  that  recommendation.  If  those  to  whom  the 
recommendation  is  made  have  reason  to  believe  that  its  effect  in  certain 
quarters  might  be  prejudicial  to  the  interests  of  the  railways,  they  can  be 
trusted  to  withhold  it  from  publication. 

2.  In  seeking  for  a  substantial  basis  for  a  recommendation,  our 
thoughts  turn  first  to  the  prominence  held  in  current  thought  by  the  sub- 
ject of  safety.  We  are  led  to  inquire  in  what  manner  a  limit  to  the  mini- 
mum horizontal  clearance  can  result  in  the  saving  of  life.  Statistics 
available,  referring  particularly  to  the  August  issue  of  the  Railway  Age 
Gazette  for  1914,  indicate  that  the  number  of  accidents  per  annum  re- 
sulting from  contact  with  objects  located  near  the  side  of  a  train  is  ex- 
ceedingly small  whether  viewed  from  the  consideration  of  the  number 
of  accidents  per  mile  of  railway  operated;  per  number  of  train  move- 
ments ;  in  terms  of  resulting  loss  or  in  the  total  number  of  fatalities. 

Turning  back  a  moment  to  a  consideration  of  the  probable  expense 
of  establishing  a  minimum  clearance  that  would  prevent  all  such  acci- 
dents, we  find  at  once  that  the  saving  in  life  per  thousand  dollars  of  in- 
vestment would  be  so  exceedingly  small  that  wise  management  would 
immediately  turn  to  some  more  promising  means  of  conserving  life.  For 
instance,  it  is  very  certain  that  a  greater  number  of  persons  can  be 
saved  from  contact  with  lateral  obstructions  by  proper  training  and  dis- 
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cipline  of  employes  than  can  be  prevented  by  any  practicable  widening  of 
the  clearance  diagram.  It  is  also  manifestly  apparent  that  the  amount  of 
money  which  would  be  required  to  widen  all  horizontal  clearances  through- 
out the  country  i  foot  or  more  would,  if  invested  in  some  efficient  method 
of  preventing  trespass,  effect  a  very  much  greater  saving  of  life. 

I  would,  therefore,  suggest  that  the  Committee  prepare  some  statis- 
tical statement  showing  the  number  of  lives  lost  in  various  ways  through- 
out the  year  as  an  indication  of  the  most  fruitful  field  in  which  to  ex- 
pend our  efforts  in  securing  personal  safety;  also,  insofar  as  may  readily 
be  possible,  a  statement  of  the  probable  expenditure  per  life  saved  in  the 
several  possible  fields  of  effort. 

These  considerations  seem  to  indicate  that  the  general  question  of 
saving  life  is  not  the  point  of  view  from  which  it  was  intended  that  this 
Committee  should  approach  the  subject.  Looking  further,  we  find  that 
the  subject  relates  most  intimately  to  the  maintenance  of  railway  struc- 
tures and  to  new  construction,  and  here  it  appears  that  there  has  been 
confusion  in  the  discussion.  Arguments  are  advanced  on  both  sides  with- 
out a  clear  understanding  of  the  distinction.  Specifications  have  been 
formerly  written  in  order  that  structures  might  be  constructed  in  ac- 
cordance therewith.  It  was  from  this  point  of  view  that  the  Specifica- 
tions for  Iron  and  Steel  Structures  of  this  Association  were  written.  It 
happens  naturally  that  maintenance  officers  consider  these  specifications 
with  reference  to  problems  of  maintenance.  However,  the  two  subjects 
are  very  distinct  and  should  be  considered  separately. 

As  a  matter  of  construction  no  very  great  difficulty  and  no  enormous 
expense  would  be  incurred  in  providing  generally  in  new  structures  a 
minimum  lateral  clearance  of  8  feet  from  the  center  line  of  track. 

It  is  a  fact  that  the  present  standard  clearance  of  7  feet  was  adopted 
about  30  years  ago.  It  is  also  a  fact  that  during  that  period  the  average 
width  of  railway  equipment  has  materially  increased.  Assuming  that  a 
horizontal  clearance  established  30  years  ago  was  wisely  selected,  that 
clearance  must  be  insufficient  at  the  present  time.  Past  records  indicate 
very  clearly  that  7  feet  was  sufficient  for  all  purposes,  unquestionably 
prior  to  any  material  increase  in  width  of  equipment.  At  the  present 
time  the  sufficiency  of  a  7-foot  clearance  is  under  discussion.  It  is  a 
fact  that  a  man  swinging  from  the  side  of  a  wide  box  car  can  very 
readily  come  in  contact  with  objects  distant  not  more  than  7  feet  from 
the  center  line  of  track.  Whether  or  not  the  man  has  any  excuse  for 
being  in  such  a  position  is  a  question  of  another  sort  with  which  this 
Committee  is  not  called  upon  to  deal. 

In  view  of  these  facts  it  seems  that  an  ordinary  display  of  good 
sense  would  require  that  the  clear  space  between  the  equipment  and  the 
fixed  objects  along  the  track  should  be  approximately  the  same  as  when 
the  present  clearance  diagram  was  first  established.  A  minimum  distance 
of  8  feet  from  the  center  line  of  track  will,  at  the  present  time,  provide 
that  clear  space. 
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Some  discussion  has  been  given  to  the  possibility  of  growth  of  equip- 
ment. That  question  has  been  disposed  of  by  the  resolution  already 
passed  by  the  Committee  and  need  not  be  considered  here. 

Taking  up  the  question  of  railway  maintenance,  it  appears  that  cur- 
rent thought  is  much  confused.  What  is  needed  for  maintenance  pur- 
poses is  not  a  specification  but  a  dictum  that  shall  determine  whether  or 
not  a  given  space  is  safe.  This  is  commonly  treated  as  a  matter  of  opin- 
ion. People  differ  in  their  opinions  and  maintain  their  differences  with 
great  force,  but  opinions  maintained  with  vehemence  are  frequently  wrong. 
Whether  or  not  a  minimum  horizontal  clearance  of  7  feet  is  safe  is  a 
question  of  fact,  and  should  be  determined  by  experience  and  statistics  and 
in  no  other  manner. 

When  talking  about  safety  one  must  have  in  mind  that  safety  has 
various  degrees.  Absolute  safety  does  not  exist  in  this  world.  Com- 
parative safety  is  quite  common.  Death  is  the  certain*  end  of  all  human 
beings.  Yet  statistics  are  so  complete  that  mortuary  tables  have  been 
compiled  on  which  life  insurance  companies  do  a  business,  which  in  all 
human  affairs  is  regarded  as  exceedingly  safe.  The  safety  of  railway 
travel  is  so  great  that  practically  all  companies  writing  accident  policies 
insert  a  clause  whose  effect  is  to  double  the  payments  to  the  injured, 
where  the  injury  is  sustained  while  riding  in  a  public  conveyance.  This 
has  been  made  possible  because  of  the  small  number  of  accidents  through 
which  injuries  are  sustained  while  traveling. 

In  the  same  manner  it  can  be  stated  with  certainty  that  safety  with 
the  present  standard  side  clearance  is  very  great,  and  that  the  chances 
that  any  one  individual  may  suffer  injury  from  contact  with  objects  7 
feet  from  the  center  of  the  track  are  very  small. 

It  is  also  a  fact  that  to  increase  the  present  existing  lateral  clearance 
by  another  foot  throughout  the  whole  country  would  involve  an  enor- 
mous expenditure  entirely  out  of  proportion  to  the  resulting  increase 
of  safety. 

In  the  light  of  these  facts  it  is  my  conclusion  that  insofar  as  main- 
tenance is  concerned  the  only  possible  duty  of  this  Committee  in  this 
matter  would  be  to  recommend  a  rule  stating  what  lateral  clearance 
shall  be  regarded  as  safe.  I  do  not  say  that  such  a  rule  should  be  recom- 
mended. Personally,  I  do  not  think  that  any  such  rule  is  needed.  I  be- 
lieve that  there  is  no  occasion  for  disturbing  structures  whose  present 
clearance  is  7  feet.  I  do  not  believe  that  the  public,  the  trainmen,  or  the 
legislative  bodies  will  insist  on  an  increase  of  present  clearances  beyond 
7  feet  unless  it  be  in  cases  involving  only  a  moderate  expenditure.  It 
is  probable  that  numerous  instances  can  be  found  throughout  the  coun- 
try where  clearances  less  than  7  feet  exist,  and  such  cases  should  be 
given  special  consideration,  treating  each  individual  case  according  to  its 
merits. 

People  who  are  charged  with  the  duty  of  directing  the  efforts  and 
safeguarding  the  lives  of  multitudes  of  men  must  necessarily  recognize 
the  fact  that  all  industrial  occupations  are  hazardous  to  a  greater  or  less 
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degree.  Painters  are  not  barred  from  plying  their  trade  because  one  of 
their  number  occasionally  falls  from  a  scaffold  and  is  killed.  Structural 
iron  workers  are  not  forbidden  to  pursue  their  vocation  because  of  the 
dangers  incident  to  the  driving  of  rivets  and  handling  of  materials  at  the 
dizzy  heights  of  tall  buildings. 

Neither  are  we  barred  from  operating  railways  because  of  the  hazards 
involved  in  the  business.  We  are  under  obligations  to  remove,  so  far  as 
possible,  conditions  which  render  the  occupation  of  railroading  hazardous. 

Whether  or  not  a  given  condition  is  hazardous  can  be  determined 
with  greatest  certainty  by  statistics.  If  statistics  show  that  a  certain 
number  of  lives  are  lost  per  annum  because  of  an  existing  condition,  we 
should  seek  to  overcome  that  condition.  If  in  attempting  to  do  so,  we 
find  that  the  effort  or  the  expenditure  is  so  very  great  that  a  similar 
effort  or  expenditure,  if  applied  in  some  other  direction,  will  effect  the 
saving  of  a  very  much  greater  number  of  lives,  we  would  then  be  remiss 
in  our  duty  should  we  devote  that  effort  and  expenditure  to  a  service 
that  would  yield  the  smaller  return. 

To  illustrate  the  crudity  of  the  thought  that  any  large  expenditure 
for  the  saving  of  life  should  be  made  unhesitatingly  regardless  of  eco- 
nomic conditions  and  regardless  of  the  number  of  lives  saved,  I  have  in 
mind  a  certain  instance  where  several  millions  of  dollars  were  expended 
in  the  elimination  of  railroad-highway  grade  crossings.  The  loss  of  life 
due  to  these  grade  crossings  for  the  preceding  ten  years  probably  did  not 
average  more  than  one  life  per  year.  The  year  after  the  work  was  com- 
pleted a  local  guardian  of  the  public  peace  and  safety,  a  policeman,  de- 
serted his  accustomed  beat  and  climbed  above  the  street  to  the  railroad 
tracks  and  was  killed  by  a  passing  train. 

Another  story  was  told  in  the  newspapers  some  years  ago  about  how 
a  soldier,  returning  from  a  campaign  in  the  Philippines,  fell  from  a 
chair  in  his  own  home  and  broke  his  neck. 

These  two  incidents,  if  interpreted  soberly  and  intelligently,  mean 
simply  this,  that  where  the  number  of  accidents  is  very  low  these  acci- 
dents cannot  be  attributed  wholly  and  primarily  to  the  nominal  condi- 
tions which  appear  to  have  been  their  cause. 

A  large  number  of  accidents  following  one  another  at  comparatively 
frequent  intervals  would  indicate  that  certain  conditions  were  responsible 
and  that  their  elimination  would  effect  a  saving  in  life.  Where  the  acci- 
dents occur  at  rare  intervals  it  may  be  true  that  the  elimination  of  some 
existing  condition  would  occasionally  save  a  life,  but  it  does  not  mean 
that  all  such  accidents  will  be  wholly  prevented. 

In  conclusion,  therefore,  I  would  emphasize  the  fact  that  in  voting 
for  a  lateral  clearance  of  8  feet,  my  vote  is  intended  to  apply  only  to  a 
specification  for  new  construction,  and  that  a  clearance  of  8  feet  is  my 
recommendation  to  railway  officials,  and  that  I  am  not  making,  and  have 
no  occasion  to  make  any  recommendation  or  express  any  opinion  to  the 
public  or  Public  Utilities  Commissions. 
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STATEMENT  SHOWING  MILEAGE  OF  RAILROADS  WITH  THE  SIDE  CLEARANCE 
FOR  BRIDGES,  DISTANCE  BETWEEN  MAIN  TRACKS  AND  OVERHEAD 
CLEARANCE  RECOMMENDED. 


Side  Clearance 

Distance  Between 
Main  Tracks 

Overhead 
Clearance 

Railroad. 

7  ft. 

to 

7  ft.  3  in. 

7  ft. 6  in. 

7  ft.  9  in. 

to 

8  ft.  or 
More 

Less 
than 
13  ft. 

13  ft. 

More 
than 
13  ft. 

22  ft. 

or 
More 

Less 
than 
22  ft. 

292 

292 

292 

109 

2053 
5968 

Atchison,  Topeka  &  Santa  Fe 

2053 
5968 
4701 
4478 

2053 
5968 
4701 

4701 

447S 
630 
213 
392 

2302 
252 

7018 
11641 

4478 

630 

630 
213 
392 

213 

392 
2302 

2302 

252 

7018 

'    11611 

252 
7018 

11641 

133 
304 

133 
277 

277 

277 

304 
1924 

304 

1924 
676 
536 
340 
2371 
1033 

1924 

676 

676 

1282 

9376 

1429 

536 

536 
340 
2371 
1033 
1282 
8102 
9376 
1429 

578 
10667 

476 
7852 

1015 
236 

2629 

Charleston  &  West  Carolina 

340 
2371 

1033 

Chicago  &  Eastern  Illinois 

1282 

SI  02 

X9376 

1429 

8102 

Chicago,  Indianapolis  &   Louis- 

578 

10667 

Chicago,  Peoria  &  St.  Louis — 
Chicago,  Rock  Island  &  Gulf . . . 

245 

476 
7852 

245 
476 
7852 

1750 

245 

Chicago,  St.  Paul,  Minneapolis 

1750 
1015 

1750 

Cincinnati,  Hamilton  &  Dayton 

1015 

236 

2629 
197 

236 
2629 

Cleveland,  Cincinnati,  Chicago 



197 
xl089 

197 

1089 

1089 

164 
843 

985 

x2585 

255 

164 

164 

843 
985 

843 

Delaware,       Lackawanna      & 

985 

2585 
255 
422 
601 

2585 
255 
422 
601 
478 
1028 
2257 

12J 

422 
601 

478 

47S 

102? 
225' 

1028 

Erie 

225/ 

Fort    Dodge,    Des    Moines    & 

12." 

1 

i— Denotes  7  ft.  9  in. 

Railroads  having  less  than  100  miles  not  shown. 

Where  no  recommendations  are  made,  present  practices  of  the  railroads  are  shown. 
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Appendix  B— Continued. 


Side  Clearance 

Distance  Between 
Main  Tracks 

Overhead 
Clearance 

Railroad. 

7  ft. 

to 

7  ft.  3  in. 

7  ft.  6  in. 

7  ft.  9  in. 

to 

8  ft.  or 
More 

Less 
than 
13  ft. 

13  ft. 

More 
than 
13  ft. 

22  ft. 

or 
More 

Less 
than 
22  ft. 

217 

217 
454 

217 
454 

x454 

350 

350 

350 

307 

195 

392 

576 

3170 

4785 

8077 

307 

1907 

307 

Georgia,  Florida  &  Alabama.. . 

195 

Georgia  Southern  &  Florida — 

392 

392 
576 
3170 

4785 
8077 
307 
1907 

576 
3170 
4785 

Grand  Trunk 

8077 

Gulf  &  Ship  Island 

307 

Gulf,  Colorado  &  Santa  Fe 

1907 
351 

351 

351 

4767 
105 

4767 
105 
1106 

177 

4767 

1106 
177 
495 
826 
716 
119 
296 

1444 

105 

International  &  Great  Northern 

1106 
177 

177 
495 

Kansas  City,  Mexico  &  Orient. . 

826 

826 
716 

716 
119 
296 

296 
1444 
399 

1444 

399 

399 

279 

121 

351 
5034 

188 

Louisiana  <fe  Northwestern 

Louisiana  Railway  &   Naviga- 

351 
5034 

188 
1208 
1800 

351 
5034 

188 
1208 
1800 

Louisville,    Henderson    &     St. 

1208 

1800 
107 

1046 

1046 
4062 

1046 

Minneapolis,  St.  Paul  &    Sault 

4062 
365 

30b5 
331 

7285 
1122 

1231 

4062 

365 

3065 

....  331 

3065 
331 

7285 
1122 

1231 

7285 

1122 

1231 
387 
196 

Nashville,  Chattanooga  &  St. 

387 

196 

196 
277 

403 

403 

287 
5032 

287 

287 
5032 
523 

2003 

5032 
523 

2003 
494 

523 

New    York,    New    Haven    & 

2003 

494 

494 

New    Yc  -k,    Philadelphia    & 
Norfolk 

148 

148 

148 

2043 

2043 
907 
6313 
2181 
2027 

2043 
907 
6313 
2181 
2027 

907 
6313 

2181 
2027 

x — Denotes  7   ft.   9  in. 

x— Denotes  6  ft.   4%  In. 

Railroads  having  loss  than   inn   miles  not.  shown. 

Where  mi  recommendations  are  made,   present  practices  of  tlio  railroads 
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Appendix  B— Continued. 


Side  Clearance 

Distance  Retween 
Main  Tracks 

Overhead 
Clearance 

Railroad. 

7  ft. 

to 

7  ft.  3  in. 

7  ft.  6  in. 

7  ft. 9  in. 

to 
8  ft.  or 
More 

Less 
than 
13  ft. 

13  ft. 

More 
than 
13  ft. 

22  ft. 

or 
More 

Less 
than 
22  ft. 

3103 

3103 

3103 

5379 

5379 

5379 

2322 
338 

2322 
338 

1582 
225 

297 
191 

2322 
338 

1582 
225 

297 
191 
261 

1582 

225 

Pittsburgh,  Shawmut  &  North- 

297 

191 

261 

416 

416 

258 

4748 

258 

258 

4748 
528 
1658 

316 

1100 

3098 

6517 

1246 

7022 

556 

3534 

103 

113 

4748 

528 
1658 
724 

528 
1658 

724 
z316 

724 

San  Pedro,  Los  Angeles  &  Salt 

1100 

1100 
3098 
6517 
1246 
7022 

556 

3098 

6517 
1246 

7022 
556 

Spokane,  Portland  &  Seattle. . . 

3534 

3534 

103 

103 

113 

113 
293 

293 

293 

1944 

1944 

1944 
125 

325 
431 

248 
451 
110 
107 
303 
3617 
910 
240 
503 

125 

325 
431 

248 

Temiskaming      &       Northern 

» 

431 

248 

451 

110 
107 
303 

110 
303 

503 

107 

3617 

3617 
910 
240 

910 

240 

503 

Wabash 

2514 

2514 
661 

2514 

x661 
x946 

661 
946 
459 

459 

459 

Total 

89217 

78378 

56801 

6192 

154445 

70738 

198909 

45704 

i— Denotes  7  ft.  9  in. 

■—Denotes  6  ft.  41  in. 

Railroads  having  less  than  100  miles  not  shown. 

Where  no  recommendations  are  made,  present  practices  of  the  railroads  are  shown. 
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ABSTRACT  OF  STATE  LAWS  AND  COMMISSION  ORDERS  ON 

CLEARANCES. 
California: 

Commission  order  requires  a  minimum  overhead  clearance  of  22  feet 
and  minimum  lateral  clearance  of  7  feet  6  inches  for  trains  and  bridges, 
and  8  feet  for  water  stations,  fuel  stations  and  other  side  structures. 
Minimum  distance  between  centers  of  yard  and  industrial  tracks,  and 
structures,  including  platforms,  higher  than  4  feet,  is  established  at  8  feet 
6  inches.  Platforms  under  4  feet  in  height  and  over  1  foot  must  be  6 
feet  6  inches  from  center  of  track.  Minimum  distance  between  track 
centers  is  established  at  13  feet,  except  that  house  and  team  tracks  may 
be  built  on  11-foot  6-inch  centers. 

Illinois: 

Commission  ruling  requires  22  feet  overhead,  and  8  feet  6  inches 
horizontal  clearance,  with  a  number  of  exceptions  for  platforms,  engine- 
house  doors,  etc.,  14-foot  track  centers,  18  feet  from  center  of  switch 
lead  to  center  of  adjacent  track  and  21  feet  between  adjacent  leads. 
There  are  a  number  of  other  requirements  and  exceptions  set  forth  in 
Ruling  No.  17  of  the  State  Public  Utilities  Commission. 

Indiana: 

Requires  21-foot  vertical  clearance  and  7-foot  lateral  clearance. 

Kentucky: 

Requires  that  no  bridge  shall  be  constructed  with  less  than  22-foot 
vertical  clearance. 

Massachusetts: 

No  bridge  shall  be  constructed  over  a  railroad  less  than  18  feet  above 
track,  except  by  Written  consent  of  Railway  Commissioners. 

Michigan: 

Eighteen  feet  above  track  is  minimum  height  of  bridges,  except  in 
cities. 

Minnesota: 

Forbids  bridge  construction  or  repairing  of  any  structure  within  8 
feet  of  center  of  track  and  less  than  21  feet  above  top  of  rail,  although 
the  Railroad  Commission  is  given  authority  to  suspend  these  restrictions 
at  any  particular  place.  Minimum  distance  between  tracks  is  fixed  at  14 
feet  for  main  tracks  and  13  feet  for  yard  tracks. 

New   Hampshire: 

Vertical  clearance  of  21  feet  required  on  all  bridges  rebuilt.  Pro- 
hibits operation  of  any  car  over  14  feet  in  height. 
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North   Dakota: 

Forbids  operation  of  locomotives  or  cars  after  January  i,  1915,  which 
exceed  10  feet  6  inches  in  maximum  width  and  14  feet  2  inches  in  height. 
No  structure  permitted  to  be  erected  or  maintained  on  main  or  sidetracks 
within  8  feet  of  center  of  track,  or  less  than  21  feet  above  top  of  rail. 
These  clearance  regulations  do  not  apply  to  any  structure  on  the  railroad 
right-of-way  which  is  owned,  leased  or  used  by  outside  person  or  cor- 
poration. Railroad  Commission  is  given  authority  to  exempt  any  struc- 
ture built  prior  to  the  passage  of  the  act.  Law  also  specifies  that  no 
tracks  shall  be  constructed  with  less  than  13-foot  centers. 

Ohio: 

Specifies  minimum  lateral  clearance  line  7  feet  from  center  of  track 
down  to  4  feet  above  top  of  rail,  and  extending  down  from  this  point  to  a 
point  5  feet  from  the  center  of  track  at  the  elevation  of  top  of  rail.  Ex- 
ceptions made  for  freight  and  passenger  platforms.  Additional  clearance 
required  on  curves. 

Oklahoma: 

No  definite  order  issued.  Recommendation  made  for  22-foot  vertical 
clearance  and  7-foot  minimum  lateral  clearance  in  some  instances. 

Oregon: 

Railroad  Commission  has  not  issued  any  definite  orders,  has  recom- 
mended a  lateral  clearance  of  8  feet  and  a  vertical  clearance  of  22  feet 
for  main  track. 

Rhode   island: 

Forbids  building  of  any  bridge  over  any  railroad  track  with  less  than 
18  feet  clear  distance  above  top  of  rail,  excepting  structures  rebuilt  to 
replace  existing  structures. 

Vermont: 

Requires  that  all  bridges  rebuilt  must  have  a  minimum  clearance  be- 
tween trusses  of  15  feet  for  single  track  and  27  feet  for  double  track, 
with  vertical  clearance  of  22  feet. 

Dominion  of  Canada: 

Requires  vertical  clearance  of  22  feet  6  inches  and  a  clear  headway 
of  7  feet  above  top  of  highest  car.  In  1910  Board  of  Railway  Commis- 
sioners fixed  lateral  clearance  at  6  feet  from  the  gage  side  of  the  adjacent 
rad  and  8.35  feet  from  track  center. 
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Committee. 

To  the  Members  of  the  American  Railzmy  Engineering  Association: 

Of  the  subjects  assigned  by  the  Board  of  Direction  to  your  Committee 
for  study,  report  is  submitted  on  the  following : 
(i)      Water  sampling  in  creosote  oil. 

(2)  The  relation  of  the  amount  of  preservative  and  the  depth  of 
penetration  to  the  resistance  of  materials  against  decay. 

(3)  The  compilation  of  service  test  records. 

Three  meetings  of  your  Committee  were  held — the  first  at  Atlantic  City 
on  June  26,  1915,  the  members  present  being  W.  A.  Fisher,  V.  K.  Hen- 
dricks, George  E.  Rex,  E.  A.  Sterling,  C.  M.  Taylor,  T.  G.  Townsend,  Dr. 
Hermann  von  Schrenk  and  E.  H.  Bowser,  Vice-Chairman,  presiding;  the 
second  at  Chicago  on  December  16,  those  present  being  E.  H.  Bowser, 
C.  F.  Ford,  V.  K.  Hendricks,  L.  D.  Cooper,  representing  George  E.  Rex, 
E.  A.  Sterling,  C.  H.  Teesdale,  T.  G.  Townsend  and  Earl  Stimson,  Chair- 
man ;  the  third  at  Chicago  on  January  18,  those  present  being  F.  J. 
Angier,  W.  A.  Fisher,  C.  F.  Ford,  V.  K.  Hendricks,  George  E.  Rex, 
Lowry  Smith,  C.  M.  Taylor,  C.  H.  Teesdale,  T.  G.  Townsend,  Dr.  Her- 
mann von  Schrenk  and  Earl  Stimson,  Chairman. 

(1)     WATER  SAMPLING  IN  CREOSOTE  OIL. 

During  the  past  year  the  Committee  has  given  further  attention 
to  the  question  of  developing  a  standard  method  for  determining  the 
percentage  of  water  contained  in  creosote  oil  when  shipped  in  tank  cars. 

The  sampling  of  liquids  in  tank  cars  is  an  exceedingly  difficult  mat- 
ter ;  in  fact,  a  Special  Committee  of  the  American  Society  for  Testing 
Materials  reported  that  it  had  been  unable  to  find  any  method  which 
could  be  recommended  for  obtaining  satisfactory  samples  of  liquids  when 
shipped  in  tank  cars.  After  much  consideration,  the  Committee  finally 
decided  to  carry  on  a  series  of  tests  with  various  methods  for  sampling. 
These  tests  were  carried  on  under  the  auspices  of  the  Committee  with  the 
co-operation  of  similar  committees,  at  the  request  of  the  Chairman,  of  the 
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American  Society  for  Testing  Materials  and  the  American  Wood  Pre- 
servers' Association. 

The  Committee  wishes  at  this  point  to  express  its  acknowledgment  for 
the  very  valuable  assistance,  in  carrying  on  the  tests  and  in  preparing  the 
report,  of  Mr.  S.  R.  Church,  of  the  Barrett  Manufacturing  Company, 
and  of  Mr.  E.  B.  Fulks,  of  the  American  Tar  Products  Company. 

Under  the  direct  supervision  of  the  Sampling  Committee,  two  tank 
cars  were  loaded  with  creosote  oil  at  the  Shadyside,  N.  J.,  plant  of  the 
Barrett  Manufacturing  Company,  December  22,  1915,  shipped  to  E'ederal 
Creosoting  Company  plant  at  Rome,  N.  Y.,  and  unloaded  at  that  point 
on  January  3,  1916.  Samples  were  taken  by  various  means  and  after- 
wards divided  into  three  sets.  One  set  of  samples  was  tested  in  the 
laboratory  of  von  Schrenk  and  Kammerer,  another  in  the  laboratory 
of  the  Port  Reading  Creosoting  Plant,  and  the  third  in  the  laboratory 
of  the  Barrett  Manufacturing  Company.  This  report  comprises  a  de- 
scription of  the  manner  of  loading  and  unloading  the  cars  and  sampling 
of   same. 

In  accordance  with  the  prearranged  plan,  one  car  was  loaded  with 
substantially  dry  oil,  and  a  measured  volume  of  water  added  to  the  car 
from  a  separate  source,  and  the  other  car  was  loaded  with  oil  containing 
about  7  per  cent,  of  water.  The  two  cars,  GATX  4480  and  APTX  52, 
eacli  had  a  marked  capacity  of  8,043  gallons,  and  inside  shell  diameter 
of  82  inches.  Before  loading,  the  cars  were  cleaned  and  the  steam  coils 
tested.     The  procedure  was  as  follows  : 

GATX  4480: 

The  oil  was  pumped  from  storage  tank  to  car  by  the  plant  service 
pump,  and  a  continuous  drip  sample  taken  in  accordance  with  method  de- 
scribed in  report  of  Committee  D-7,  American  Society  for  Testing  Ma- 
terials (Proceedings,  1915,  page  625).  Four  hundred  and  fifty-two  gallons 
of  water  were  run  in  by  gravity  from  a  measuring  drum  having  an  exact 
capacity  of  113  gallons.  The  flow  of  water  was  timed  so  that  it  coincided 
with  the  flow  of  oil.  The  water  entered  through  a  2-inch  pipe  directed 
so  that  the  stream  of  water  entered  and  mingled  with  the  stream  of 
oil.  The  car  was  loaded  so  that  the  oil  level  was  in  the  dome.  Tempera- 
ture of  oil  in  car  immediately  after  loading  was  126  degrees  Fahrenheit. 
Samples  were  immediately  taken  at  points  one  foot  from  the  top,  at 
the  center,  and  one  foot  from  the  bottom  of  the  car,  as  ordinarily  prac- 
ticed at  this  plant. 

The  sampling  vessel,  hereafter  referred  to  as  a  bottle,  consisted  of 
a  one-quart  metal  can,  weighted  with  lead,  and  stoppered  with  a  cork, 
to  which  was  attached  a  cord  for  withdrawing  the  stopper  at  any  desired 
level. 

One  hour  and  40  minutes  after  loading  the  car  the  temperature  of 
the  oil  was  105  degrees  Fahrenheit.  A  sample  was  taken  at  the  top  of 
the  car  by  a  cross-section  sampler,  consisting  of  a  glass  tube  two  feet 
long,  closed  by  a  valve  at  the  bottom.     (This  type  of  sampler  is  used  to 
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a  considerable  extent  in  attempting  to  estimate  the  free  water  on  the 
top  of  cars.)  The  tube  showed  9  inches  of  free  water,  of  which  5  inches 
was  in  the  dome  and  4  inches  in  the  car  proper. 

Zone  samples  were  then  taken  from  levels  representing  centers  of 
one  foot  zones  from  top  to  bottom  of  the  car.  For  this  purpose  two 
devices  were  used,  one  being  the  bottle  already  described,  and  the  other 
the  Braun  sampler.  The  latter  consists  of  a  small  cylinder  of  about  200 
cc.  capacity,  attached  to  a  jointed  tube  having  a  total  length  of  about  nine 
feet,  with  an  inner  tube  operating  a  valve  at  the  bottom  of  the  cylinder, 
the  outer  tube  acting  as  an  escape  pipe,  so  that  when  the  sampler  is 
opened  air  is  released  without  disturbing  the  contents  of  the  car.  Owing 
to  the  small  capacity  of  this  device,  it  was  necessary  to  take  four  sam- 
ples at  each  level  in  order  to  obtain  sufficient  oil  for  testing,  and  it  was 
noticed  while  transferring  the  oil  from  the  sampler  to  the  sample  can 
that  a  considerable  amount  of  water  and  oil,  which  adhered  to  the  sur- 
face of  the  rod  when  the  sample  was  withdrawn,  ran  down  the  rod 
and  into  the  can  during  the  discharge  of  the  sample. 

ATPX  52: 

The  wet  oil.  which  had  previously  been  transferred  from  a  storage 
tank  to  a  tank  car  in  order  to  be  available  when  desired,  was  pumped  into 
Car  52  by  means  of  temporary  pump  and  pipe  line  connection,  and  a  con- 
tinuous drip  sample  taken  during  the  pumping.  When  the  car  was 
loaded  the  oil  level  was  in  the  deme.  The  temperature  of  the  oil  imme- 
diately after  loading  was  130  degrees  Fahrenheit.  Samples  were  then 
taken  from  top,  center  and  bottom  by  the  bottle  method,  as  usual,  but  no 
further  sampling  of  this  car  was   done  at   Shadyside. 

The  cars  arrived  at  Rome.  X.  Y.,  on  December  30.  They  were 
placed  on  the  unloading  track.  At  this  plant  the  cars  discharge  by  gravity 
into  a  tank  directly  below  the  track,  the  oil  running  from  the  tank  car 
outlet  into  a  large  funnel. 

The  procedure  at  Rome  was  as  follows: 

No  steam  was  placed  in  the  coils  of  the  cars  until  7 130  a.  m.  on 
January  3.  At  this  time  the  oil  had  solidified  in  both  cars.  After  three 
hours'  heating,  the  contents  of  both  cars  were  perfectly  liquid. 

GATX  4480: 

Temperature  of  oil  in  car  was  122  degrees  Fahrenheit.  The  oil  level 
in  this  car  was  exactly  the  same  as  at  Shadyside,  viz.,  five  inches  of  oil 
in  the  dome.  The  cross-section  sample  from  top  by  the  two-foot  glass 
tube  showed  practically  no  separation  between  oil  and  water.  One-foot 
zone  samples  were  taken  by  a  device  similar  in  principle  to  the  Braun 
sampler  used  at  Shadyside,  the  latter  having  been  discarded  as  inade- 
quate. The  construction  of  the  sampler  used  at  Rome  is  roughly  indi- 
cated in  Fig.  1.  Samples  were  taken  at  top,  center  and  bottom  with  the 
bottle  sampler.  The  car  was  then  sampled  by  the  Federal  Creosoting 
Company  in  the  manner  ordinarily  practiced  at  that  plant,  using  a  thief 
sampler,  consisting  of  a  tin   cylinder  about   two   feet   long,   three  inches 
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in  diameter,  with  a  one-inch  hole  in  the  top.  This  was  lowered  quickly 
to  the  bottom,  and  raised  slowly  in  such  a  way  that  it  was  not  quite  full 
when  removed.  The  oil  was  then  discharged  from  the  car  by  gravity, 
and  a  dipper  sample  was  taken  from  the  open  stream,  taking  about  a 
pint  of  oil  every  five  or  six  minutes.  In  this  way  about  a  two-gallon  sam- 
ple was  collected,  of  which  an  average  sample  was  finally  taken. 

ATPX  52: 

The  procedure  in  sampling  Car  52  was  identical  with  that  described 
for  Car  4480.  The  temperature  of  oil  was  117  degrees  Fahrenheit.  Oil 
level  was   about   J^-inch  below  the   dome. 

The  following  is  a  list  of  the  samples  which  were  marked  consecu- 
tively as  taken  at  Shadyside  and  Rome,  and  the  results  of  water  determina- 
tions on  these  samples  at  the  laboratories  of  von  Schrenk  and  Kammerer, 
and  the  Barrett  Manufacturing  Company.  Owing  to  an  unfortunate  de- 
lay in  the  delivery  of  samples  to  the  Port  Reading  Creosoting  Plant,  the 
results  of  their  tests  are  not  available  for  inclusion  in  this  report. 

Per  Cent.  Water. 

von  Schrenk 
&  Kammerer. 


Samples  1-23,  Shadyside;  24-51,  Rome. 


No. 
1. 


9- 
10. 
ir. 
12. 

13. 
14. 

IS- 

16. 

17. 
18. 

19. 
20. 
21. 
22. 

23- 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
Si- 


Description  of  Sample.  Barrett. 

Drawn   from   Storage  Tank  45  before   loading 

Car  4480   0.10 

Continuous  drip  sample  taken  while  loading  Car 

4480  0.9 

Bottle  sample  from  top  of  Car  4480 14.0 

Bottle  sample  from  center  of  Car  4480 5.3 

Bottle  sample  from  bottom  of  Car  4480 6.5 

Cross-section  sample  from  top  2  ft.  Car  4480.  .  54.8 
One-foot  zone  samples  by  Braun  sampler,  Car 

4480,  sample  7  being  the  top  and  sample  13 

the  bottom 74.5 

8.0 
"  10.0 

6.5 

6.6 

9.8 

14.1 

Bottle  zone  sample  Car  4480   (top) 37.1 

3-5 


"  "       "       (bottom) 

Continuous  drip  sample  from  loading  Car  52 
Sample  from  top  Car  52  (bottle  sample)..  . 
Sample  from  center  Car  52  (bottle  sample) 
Sample  from  bottom  Car  52  (bottle  sample) 
19-in.  cross-section  sample  from  Car  4480.  . 
Cylinder  one-foot  zone  sample,  Car  4480.  . .  . 


2.0 

1-9 

2.5 
64 
7-4 
6.1 

5-9 

120 

790 

35-o 

4.0 

40 

30 

2.0 

5-6 

SO 


0.8 

1 1.6 

6.0 

5-6 

58.5 


37-9 
4.9 
2.1 
2.2 
1.9 
7-4 

7-7 

5-8 

7-7 

13.6 

3/o 
4-9 
4-4 
2.1 
2.0 
4.2 
4-3 
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Per  Cent.  Water. 
Samples  1-23,  Shadyside;  24-51,  Rome.  von  Schrenk 

No.        Description  of  Sample.  Barrett.     &  Kammerer. 

32.     Bottle  sample  from  top  of  Car  4480 7.3  7.2 

33 
34 
35 
36 
37 
38 
39 
40 
41 
4-' 
43 
44 
45 
4" 
47 
48 
4" 
50 
51 


Bottle  sample  from  center  of  Car  4480 4.5  5.0 

Bottle  sample  from  bottom  of  Car  4480  4.0  4.6 

Federal  Creosoting  Co.  thief.  Car  4480 12.6  15.0 

Dipper  sample.  Car  4480 15.0  19.5 

19-in.  cross-section  sample,  Car  52 13.7 

Cylinder  foot  zone  sample  Car  52  (top) 7.5  7.5 

"      "       "        8.1  8.0 

•"      "       "        8.8  8.0 

"            "         "         "            "      "        "        8.0  7-2 

"       "        "        8.0  8.1 

"       "        "        9-0  7-4 

"       "     (bottom)     .  .  10.8  10.2 

Bottle   sample   from  Car  52,   top 8.0  7.7 

"        "      "    center 8.0  8.1 

"        "       "    bottom 9.5  8.9 

Federal  Creosoting  Co.     thief,  Car  $2 7.9  8.5 

"       "    9-3  7-4 

Dipper  sample.  Car  52 80  8.7 

"     "    8.0  97 


In  order  to  present  the  results  in  graphic  form  a  drawing  is  ap- 
pended (Fig.  2),  showing  vertical  cross-sections  through  each  car.  On 
this  drawing  we  have  indicated  the  points  at  which  various  samples  were 
taken,  the  device  by  which  they  were  taken  and  the  results  of  the  water 
test.  On  this  drawing  the  results  are  those  obtained  in  the  Barrett 
Manufacturing  Company's  Laboratory. 

It  will  be  noted  that  the  figures  given  for  water  found  for  the 
different  zone  samples  are  calculated  according  to  factors  found  on  the 
drawing  appended  to  this  report  (Fig.  3).  The  actual  percentage  of 
water  found  in  any  zone  does  not  correctly  represent  the  real  percentage, 
because  the  number  of  gallons  found  in  the  different  zones  differ  be- 
cause of  the  shape  of  the  tank  car.  The  percentage  of  water  found 
in  each  zone  should  be  multiplied  by  the  figure  at  the  right-hand  side  of 
the  table  representing  the  relation  of  this  zone  to  the  entire  car.  In 
other  words,  take  the  diameter  of  the  car,  as  shown  by  the  figures  at 
the  base  of  the  diagram,  run  up  on  the  vertical  line  to  the  zone  line, 
and  where  this  point  crosses  the  horizontal  line  note  the  figure  at  the 
left-hand  side  of  the  table,  which  will  express  the  percentage  relation. 
The  sum  of  the  results  obtained  for  this  calculation  for  the  samples 
from  the  different  zones  represents  the  total  percentage  of  water  in 
the  car. 

It  will  be  noted  that  the  results  obtained  by  the  various  methods  of 
sampling  from  Car  4480,  which  contained  dry  oil  to  which  water  was 
deliberately  added,  varied  widely,  but  on  the  other  hand,  the  tests  on 
wet  oil  contained  in  Car  52  are  quite  uniform.  The  Committee  observed 
that  the  water  separated  rapidly  from  the  oil  in  Car  4480,  so  that  indeed 
there  was  more  free  water  on  the  surface  of  the  oil  within  two  hours 
after   loading  than   there   was   at  the   time   of   unloading.     Evidently   the 
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Fig.  2.    Water  Tests  on  Samples  Taken  by  Committee  at  Shadyside, 
December  22,  1915,  and  at  Rome,  N.  Y.,  January  3,  1916. 
Note. — Values    for    zone    samples    calculated    according    to    factors 
found  on  Fig.  3. 
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water  and  oil  had  become  mixed  during  transit  and  the  water  did  not 
again  separate  so  rapidly  from  the  oil.  With  Car  52,  on  the  other 
hand,  there  was  no  apparent  separation  of  water  and  oil,  even  though 
this  oil  contained  more  water  than  the  other.  It  is  obvious,  of  course, 
that  the  partial  separation  of  oil  and  water,  such  as  took  place  in  Car  4480, 
makes  sampling  more  difficult  than  when  the  water  is  uniformly  dis- 
tributed throughout  the  oil. 

CONCLUSIONS. 

The  tests  described  above  and  the  results  obtained  are  presented 
as  a  progress  report.  The  following  preliminary  conclusions  have  been 
drawn  by  the  Committee. 

1.  That  for  accurate  determination  of  water  in  a  tank  car  of 
creosote,  a  system  of  sampling  from  several  zones  in  a  car  is  necessary. 
These  zones  must  represent  definitely  calculated  areas  throughout  the 
entire  depth  of  the  car.  There  must  be  at  least  three  zones,  the 
top,  the  middle  and  the  bottom  of  the  car.  The  indications  are  that 
for  the  most  definite  determinations  zones  one  foot  deep  are  to  be 
preferred  (see  Fig.  2). 

2.  That  for  calculating  any  percentage  of  water  found  in  any  zone 
in  relation  to  the  proportion  to  the  entire  car,  the  correction  factor 
indicated  on  diagram  3  be  used. 

3.  That  the  cross-section  tube  frequently  used  for  taking  samples 
from  tank  cars  is  of  little  value.  It  disregards  the  fundamental  prin- 
ciple of  zone  sampling,  in  that  it  takes  no  account  of  the  proportionate 
value  of  the  sample  taken  with  reference  to  the  whole  car.  It,  further- 
more, cannot  be  used  in  connection  with  zone  sampling  without  much 
additional  computation. 

4.  The  so-called  thief  (1915  Proceedings,  American  Railway  Engi- 
neering Association,  Vol.  16,  page  831)  has  been  found  incorrect  in 
theory,  and  the  results  obtained  therewith  confirm  this. 

5.  That  the  taking  of  a  dipper  or  bucket  sample  from  the  running 
stream  of  cars  while  discharging  does  not  give  reliable  results,  and  that 
this  method  should  not  be  used. 

6.  That  the  bottle  method,  meaning  the  use  of  a  small  stoppered 
vessel  from  which  the  cork  can  be  withdrawn  at  any  desired  level,  is  a 
convenient  apparatus  for  taking  zone  samples.  Its  disadvantage  lies  in 
the  fact  that  escaping  air,  after  the  withdrawal  of  the  cork,  tends  to 
disturb  the  surrounding  oil,  and  therefore  gives  an  incorrect  sample. 

7.  That  for  the  present  an  apparatus,  the  principle  of  which  is 
shown  in  Fig.  1,  be  used  for  zone  sampling  in  taking  samples  from 
cars  in  which  a  high  percentage  of  water  is  suspected.  It  should  be 
understood  that  the  appended  sketch  is  merely  to  show  the  general  plan 
of  the  sampler. 

8.  That  efforts  be  made  to  construct  an  improved  form  of  the 
sampler  just  referred  to,  provided  further  tests  warrant  a  definite  recom- 
mendation for  its  use. 
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9.  That  for  ordinary  purposes  the  taking  of  three  zone  samples, 
that  is,  from  the  top,  the  middle  and  the  bottom  of  a  car,  by  means 
of  the  apparatus  just  referred  to  or  by  means  of  a  bottle  device,  is 
recommended. 

10.  That  the  tests  described  this  year  be  considered  preliminary 
and  that  similar  tests  be  made  at  various  treating  plants  and  tar  plants 
during  the  coming  year.  Care  should  be  taken  to  make  such  tests  to 
include  both  summer  and  winter  shipments. 

(2)     THE   RELATION   OF   THE   AMOUNT   OF   PRESERVATIVE 
AND  THE  DEPTH  OF  PENETRATION  TO  THE  RESIST- 
ANCE OF  THE  MATERIAL  AGAINST  DECAY. 

This  subject  is  new  as  regards  its  investigation  by  your  Committee, 
and,  in  fact,  as  far  as  known  has  not  been  systematically  investigated 
by  any  organization. 

The  value  and  importance  of  an  established  relation  between  the 
amount  and  depth  of  preservatives  to  the  resistance  of  the  timber  against 
decay  is  readily  apparent,  and  it  is  equally  obvious  that  this  determina- 
tion must  be  based  on  the  results  of  service  tests.  In  examining  the  data 
available  it  was  immediately  found  that  service  records  include  only  one 
of  the  factors,  namely,  the  amount  of  preservative,  and  that  the  depth 
of  penetration  is  not  recorded.  There  is  a  further  difficulty ;  that  of 
the  widely  recognized  variation  in  penetrability,  even  of  woods  of  the 
same  species.  In  other  words,  ties  or  timbers  treated  with  a  given 
amount  of  oil  will  show  wide  variations  in  the  depth  of  penetration,  due 
to  the  percentage  of  sapwood,  the  moisture  contents  of  the  stick,  and 
other  variables  which  are  less  readily  explained.  It  is  assumed  that  all 
good  treatments  completely  penetrate  the  sapwood,  the  heartwood  absorp- 
tion usually  being  superficial. 

The  factor  of  mechanical  abrasion  is  most  important  in  determining 
the  depth  of  penetration  necessary  to  give  protection  against  decay. 
The  records  of  timbers  and  piling. that  were  not  exposed  to  mechanical 
wear  and  in  which  the  impregnated  wood  extends  from  one-half  to  two 
inches  on  the  outside,  indicate  that  complete  penetration  is  not  necessary 
if  the  outer  protective  ring  remains  unbroken,  and  the  ends  are  likewise 
protected.  On  the  other  hand,  we  have  a  very  definite  record  of 
(creosoted)  ties  placed  in  the  tracks  of  the  Norfolk  Southern  Railroad  in 
1896,  which  resisted  decay  until  abrasion  under  the  rail  cut  through  the 
treated  portion.  As  soon  as  this  happened  decay  commenced  at  the  un- 
protected point,  and  necessitated  the  removal  of  many  ties  which  other- 
wise were  in  good  condition.  This  simply  indicates  that  penetration  of 
creosote  should  be  of  sufficient  depth  to  always  give  protection  to  the 
untreated  center,  and  that  as  soon  as  this  protective  area  is  broken 
decay  commences. 

The  extent  to  which  the  amount  of  preservative  is  a  coincident 
influence   with   the   depth  is   a   matter   which   requires   a   more   extended 
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study  than  your  Committee  has  been  able  to  give.  The  records  definitely 
show  that  comparatively  heavy  injections  of  creosote  are  an  absolute 
protection,  and  the  point  remaining  to  be  determined  is  to  what  extent 
these  injections  can  be  reduced  and  still  give  protection  which  is  at 
least  in  reasonable  proportion  to  the  reduced  cost. 

The  consideration  of  this  subject  will  be  continued  the  coming 
year,  and  it  is  expected  that  the  analysis  and  study  of  the  service  test 
records  will  furnish  a  basis  for  definite  conclusions. 

(3)  RECORD  OF  SERVICE  TESTS. 

The  record  of  service  tests  is  presented  as  Appendix  A  to  this 
report.  It  consists  of  the  usual  tabulated  statement  of  the  results  of 
the  latest  inspection  of  the  test  sections  of  track  maintained  by  the 
various  railroads,  and  in  addition  a  detailed  description  of  several  of 
the  test  tracks  upon  which  records  of  the  service  have  been  kept  for 
eight  years  or  more.     The  following  tests  are  reported  on  in  this  manner : 

Chicago  &  Northwestern  Railway,  near  Janesville,  Wis. 

Northern  Pacific  Railwav,  near  Plains,  Mont,  and  near  Mavwood, 
Wash. 

Chicago,  Milwaukee  &  St.  Paul  Railway,  Tracks  Nos.  4.  9,  10,  11 
and  12. 

Chicago,  Indianapolis  &  Louisville  Railway,  between  Chicago  and 
Louisville. 

Central  Railroad  Company  of  New  Jersey,  near  Boundbrook,  N.  J. 

From  these  reports  much  valuable  information  may  be  had  as  to 
the  service  of  ties  which  have  been  treated  by  the  different  processes 
and  subjected  to  different  service  and   climatic   conditions. 

REVISION  OF  THE  MANUAL. 
Your  Committee  recommends  no  changes  in  the  Manual. 

CONCLUSIONS. 

Your  Committee  presents  this  report  to  the  Association  as  informa- 
tion. In  doing  so  it  desires  to  especially  call  attention  to  the  subject 
matter  under  "Water  Sampling  in  Creosote  Oil,"  wherein  certain  pre- 
liminary conclusions  are  offered  for  the  information  and  guidance  of 
the  Association  in  dealing  with  this  important  matter.  Your  Committee 
desires  to  give  this  subject  further  study  before  presenting  conclusions 
for  adoption  and  insertion  in  the  Manual. 

OUTLINE  OF  WORK  FOR  NEXT  YEAR. 

Your  Committee  recommends : 

(1)  Continue  the  study  of  water  sampling  in  creosote  oil. 

(2)  Continue  the  study  of  the  relation  of  the  amount  of  preserva- 
tive and  depth  of  penetration  to  the  resistance  of  the  material  against 
decay. 
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(3)  Derive  conclusions  from  the  results  of  exposure  tests  of  material 
treated  with  water  gas  tar. 

(4)  Report  on  the  economics  of  treated  timber. 

(5)  Compilation  of  service  test  records,  extending  same  to  include 
structural  timbers. 

Respectfully  submitted, 

COMMITTEE  ON  WOOD  PRESERVATION. 
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Appendix  A. 

SERVICE  TEST  OF  TIES  ON  THE  CHICAGO   &   NORTHWEST- 
ERN RAILWAY  NEAR  JANESVILLE,  WIS. 

In  1905  and  1906  the  Forest  Service  co-operated  with  the  Chicago 
&  Northwestern  Railway  Company  in  experiments  with  the  seasoning 
and  treating  of  Eastern  hemlock  and  Eastern  tamarack  cross-ties,  the 
experiments  being  conducted  at  the  company's  treating  plant  at  Escanaba. 
Mich.  The  results  secured  from  these  experiments  are  described  in  Forest 
Service  Circular  132,  entitled  "The  Seasoning  and  Preservative  Treat- 
ment of  Hemlock  and  Tamarack  Cross-ties." 

With  a  view  to  securing  additional  information  regarding  the  com- 
parative durability  of  the  ties,  3040  were  selected  for  further  experi- 
ments. This  number  included  some  untreated  hemlock  and  tamarack 
and  some  of  each  species  treated  respectively  by  the  Burnett,  Wellhouse 
and  Open-Tank  Creosote  processes.  In  addition  to  the  3040  experimental 
hemlock  and  tamarack  ties  selected  for  the  test,  50  untreated  white  oak 
ties  were  included. 

The  section  of  track  selected  for  the  experiment  lies  about  four 
miles  south  of  the  Chicago  &  Northwestern  station  at  Janesville,  Wis. 
Briefly,  the  ties  were  laid  in  gravel  ballast,  in  a  fairly  well-drained  road- 
bed, with  sandy  clay  subsoil.  Ninety-pound  rail  was  used,  but  only, 
passenger  traffic  in  one  direction  passes  over  this  section  of  the  track, 
amounting  to  about  27,314,000  tons  annually.  All  of  the  treated  ties 
were  equipped  with  tie  plates,  the  following  different  kinds  being  used  : 

Sellers  shoulder  plates  with  flat  bottoms  used  with  screw  spikes ; 
Sellers  shoulder  plates  with  flat  bottoms  used  with  cut  spikes ; 
Wolhaupter  plates  used  with  cut  spikes ; 
Creosoted  wood  plates  used  with  screw  spikes. 

The  wood  plates  were  of  hard  maple  of  dimensions  5  inches  by 
8  inches  by  ^-inch  and  were  thoroughly  treated  with  creosote  by  the 
open-tank  process.  Ordinary  cut  spikes  and  no  tie  plates  were  used 
with  the  untreated  ties. 

Ties  were  divided  into  67  lots,  according  to  the  species,  method  of 
seasoning,  treatment  and  the  absorption  secured. 

The  general  arrangement  of  the  ties  and  characteristic  points  of 
each  lot  is  shown  in  Table  1.  The  fifty  white  oak  ties  are  not  included 
in  any  of  the  above  lots,  and  were  masked  only  with  copper  tags  bear- 
ing no  number.  They  were  placed  at  the  south  end  of  the  experimental 
track,  being  laid  with  cut  spikes  and  no  tie  plates. 

Treatment. 

The  Burnett  and  Wellhouse  processes  were  used  in  the  treatments. 
About  12  lbs.  of  4  per  cent,  solution  was  injected  per  cubic  foot.     The 
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ties  treated  with  creosote  were  given  an  open-tank  treatment  and  about  15 
lbj.  were  absorbed  per  tie. 

Inspection. 

Inspections  of  the  track  have  been  made  in  1909,  1911,  1913,  1914 
and  1915.  The  results  of  the  1915  inspection  (made  on  June  19)  after 
7/^2  years'  service  are  given  in  Table  1. 

Untreated  Ties   (see  Table  2). 

One  hundred  and  seventy  untreated  hemlock  ties  were  included  in 
this  track  and  of  this  number  152,  or  89.4  per  cent.,  had  been  removed, 
the  remainder  being  partly  decayed.  Of  the  132  untreated  tamarack 
ties,  123,  or  93.2  per  cent.,  have  been  removed,  2.3  per  cent,  partly 
decayed,  and  4.5  per  cent,  sound.  If  it  is  assumed  that  all  untreated 
ties  will  have  been  removed  at  the  time  of  the  inspection  in  1916,  the 
average  life  for  untreated  hemlock  in  this  test  will  be  6.70  years,  while 
that  of  the  tamarack  will  be  6.58  years. 

The  50  untreated  white  oak  ties  (see  Table  4)  had  begun  to  fail 
at  this  inspection.  Eighteen  were  so  badly  decayed  as  to  warrant 
removal,  and  the  remainder  were  partly  decayed.  If  we  assume  that 
these  32  ties  will  be  removed  within  the  next  two  years,  the  average 
life  in  service  will  be  about  8%  years. 

Effect  of  Season   of  Cutting. 

The  condition  of  the  untreated  hemlock  and  tamarack  ties  with 
regard  to  the  season  of  cutting  and  the  seasoning  period  is  given  in 
Table  2.  The  date  of  removal  and  average  life  estimates  are  given 
in  Table  3.  A  comparison  of  the  condition  of  the  hemlock  ties  cut  in 
the  summer,  fall  and  winter  is  shown  as   follows: 

Per  Cent.  Removed,  Average  Life, 
1915.  Years. 

Summer  cut 95  6.65 

Fall  cut   100  6.53 

Winter   cut    88V3  6.94 

These  figures  would  indicate  that  the  winter  cut  ties  are  yielding 
the  best  results.  When  it  is  considered,  however,  that  Lot  63,  which 
contained  over  half  of  the  winter  cut  ties,  was  seasoned  but  n  months 
in  an  unpeeled  condition,  while  the  remainder  were  seasoned  23  and  35 
months  peeled,  it  is  hardly  fair  to  include  them  in  the  comparison  with 
the  summer  and  fall  cut  ties  which  were  seasoned  about  26  to  29  months 
peeled.     Neglecting  Lot  63,  it  is  found  that  the  averages  become : 

Per  Cent.  Removed,  Average  Life, 
1915.  Years. 

Summer   cut    95  6.65 

Fall  cut   100  6.53 

Winter  cut 97/^  6.45 

Too  much  significance  cannot  be  placed  on  these  figures,  for  the 
number  of  ties  involved  is  too  small  in  each  case. 
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Effect  of  Peeling  and  Time  of  Seasoning. 

The  effect  of  peeling  can  best  be  indicated  by  lots  64  and  65 
(see  Table  3)  on  winter  cut  tamarack  ties  seasoned  23  months.  In 
191 5,  72  per  cent,  of  the  peeled  ties  were  removed,  compared  with  100 
per  cent,  of  the  unpeeled  ones.  The  estimated  average  lives  were  6.94 
and  6.50  years,  respectively.  This  indicates  somewhat  better  results 
from  peeling  the  ties  while   seasoning. 

Comparing  winter  cut  hemlock,  group  62,  peeled  and  seasoned  35 
months,  with  winter  cut  hemlock,  group  63,  unpeeled  and  seasoned  11 
months,  the  average  lives  are  6.3  years  and  7.14  years,  respectively. 
This  indicates  a  longer  life  for  a  shorter  seasoning  period,  especially 
as  the  ties  in  group  63  were  unpeeled. 

In  general,  the  data  indicate  that  the  ties  that  are  laid  untreated 
will  give  better  service  if  peeled  before  being  seasoned,  and  that  a  short 
seasoning  period  is  more  desirable  than  a  long  one. 

Treated  Ties. 

A  comparison  of  the  condition  of  the  Burnettized,  Wellhouse  and 
creosote  open-tank  treated  ties  (Table  4)  is  scarcely  possible  on  account 
of  the  wide  difference  in  the  number  of  ties  in  each  class.  On  the  whole, 
the  condition  of  these  ties  is  very  satisfactory. 

It  was  observed  that  most  of  the  decay  on  the  Burnettized  and 
Wellhouse  treated  ties  took  place  on  the  top  of  the  tie  and  those  por- 
tions which  were  exposed  to  the  weather.  The  sides  and  bottoms  of 
these  ties  when  inspected  were  found  to  be  quite  sound  and  clean. 

Plate  Wear. 

Plate  wear  and  rail  cutting  were  not  excessive,  since  the  traffic 
over  this  line  is  not  heavy.  It  was  observed,  however,  that  the  ties 
protected  by  flat  plates  with  smooth  bases  were  in  better  condition  than 
those  protected  by  plates  with  ribbed  bases.  The  ribbed  plates  cut  into 
the  surface  of  the  ties,  causing  splitting  and  wear  to  a  greater  extent 
than  the  smooth  plates,  which  also  naturally  increased  the  liability  to 
decay.  Creosoted  wood  plates  were  split,  broomed  and  practically  worth- 
less as  a  protection  to  the  tie  by  191 1  after  3^2  5rears- 

Table  5  was  prepared  to  show  the  effect  of  tie  plates  and  spikes 
on  the  condition  of  the,  treated  ties.  No  evident  advantage  from  using 
screw  spikes  compared  with  cut  spikes  has  been  indicated  to  date,  when 
the  present  condition  of  the  ties  is  considered,  but  not  considering  the 
greater  ease  of  maintaining  the  track.  However,  the  treated  ties  have 
not  been  in  service  long  enough  to  draw  definite  conclusions  on  this 
point. 

Ties  on  which  Wolhaupter  plates  were  used  are  in  noticeably  worse 
condition  than  those  on  which  flat  plates  were  used. 

Creosoted  wood  tie  plates  were  not  a  success.  The  ties  on  which 
these  plates  were  used  have  practically  had  no  plate  protection  since 
1911. 


466 


WOOD    PRESERVATION. 


oooooooooooooooooo 
oooooooooooooooooo 


oooo 
oooo 


lOOOOOOiOOOOOO-^OOOOO 
<M*00000<MOOO  OOOO  OOOO 


OO  ' 

o'o 


oooooooooooooooooo      OOOO      »-h  o  o  o  O  O  *-h  o  o  o  o  O  CN  o  o  o  o  o 


<©ooooooooooioo»ooo*-icoo 
coo'ooooasooocNO*-too»-<oo 


oooo 
oooo 


u^ooooooooooeo—<ooooo 

<MOOOOOiCOOOOC^<-iOOOOO 


OO  I 

oc 


CM  o  O  O  O  O  ^t*  O  O  O  *-*  O  t"~  O  O  ▼-«  »-h  O        OOOO        <— i  O  O  O  O  r- <  CM  O  O  O  O  i— •  iO  o  o  o  o  o 


I_  c3 


HiOOOiOOCiOOWOOOOO^OHOO 


ooooas 
cooos 


ujOiOOOOOiflOOiOCJtWOO©© 
WiCNmOiOON^ONiOOOlOtCNHN 


CO  i-t         CM 


C5© 

Tt<©   , 


(OCO^CCfCNOlTjiNHiMtOOOOOHOO         O  CO  O  CO        lO'CCOMTfWf'HHOeONOOOMNNS 


f^o 


T^iOIMiOiOrHCOONOmNOKOOODTttO 


©CN©i-M 
<M  00*M 


«5OiCOOi0»CiOOO«;00HCi0O^-*H 
|in(Mi0OCv|t--t^-CDOCNl^-O'*-*t-0CC<i 


o>  a:  o  cs   oo  oo  OS  ci  q  c:  co  c.  c.  o  a  co  o  oo  o  co  c-  oo 


wo 
»co 


ir-i>.b-i>.t^.oco«DCM'^t^i-HCO^-t-4t^»o»o       »o  co  !>•  »o      coT^^coot~cocO'"*iot"*-cccocot---cococM 


■*CCCOCOCOMW«(MC<)CO'*iHO^         »o» 


H  CN         CO         MCOM«M««MN(NCCMOO^iOMM 


iCOHOONHO^iOONCCHOJiCiO        lO  i-h  t"*-  CO        ©©0©0©©OiiOiO©TfCO»0©iOiO©  '—'CO 


»OTt<Tf^'^COTt<-^CN(M'^**<*i 


rp^Tt*TjH^T^TpCOCNC>J'^-*iCCNlif5t^C>lCO 


BSlpi 


CO'-tfNON^iOCKNOOOOi      •  t- O  O 
W^Oi-*O©C0O00i«TpN      -O.HH 


O    CO 


<MCN 

OO 


t^»-Ht"~COt--C0COCNCNCOQ0O5       -t^-C>      •  t-  OS 

^h  r*  O  <M  O  i-«  CO  i-i  CO  ■*  CNl  r-i       -OO      •  CM  CM 


I-  ~ 


O   03 

SB. 

O    Q> 

S  3 


T3fH 


^j  m  a>.5 
§.2fg 


°  2 

aa 


Q>       '.'Q 


■0 

Tl 

o 

a. 

9 

& 

& 

NOOlOTt'ar^^NcOIMN^rHrHrtHO  O  »-<  *-<  «-<  N  CO  tD  I 


<NHrtN*0<07rf"HOS 


g  >>ti-g^  >  d       g  bi>  g 


ah^+i  >  o       at? 

'-='-=<  CZ:  ^  2  M       t-sQQ     ;<q 


—  cu 


s: 


a  =56 
a  (2  a 


a.    s 


S-  C-.  Si    c 

"    a=-sa 


OWjOtOCW^^OOMMCOiOi-O 
~   SJWN'HioClCOiCCOCNNNCUCN 

rHtDcDNNN^lOiOCn^-^tHi-iT-iN 
iOCIWN'-iCOIWIOCOM         t^- CM  CO 


COCOOONNt 


.^COCOooOOCOcOCOO^CO 

.oooT;^rtr"-i,  '"'-,'-,^ 
.  op  op  op  "q,  00 

■  t--  o  t--  c  c  't  co  ci  c  c  ■rr  c 


O  O  1-1  i-H  »-•  c 


5t>.iH«CtCOOQ 


>  00  eo  00  00  0  cm  cm 


HClC0'ti0ONC00)OHWHC0»0         -^^ 


r--  00  o>  o  t-i<M  co  ■*  10  <©  b-  00  ^  a>  »~i      ©cm 


<^<H(NC<I(NC1CN<NNN( 


WOOD  -PRESERVATION. 


467 


tl 


oooooooooooo 
O  C  O  O  o  o  c  d  d  o  c  o 


o    ooeoc  n 

O     (M  O  O  O  O  O 


oooooooooooooocooo 
d  o  o  d  d  d  o  o  d  d  o  d  d  ©  d  o  d  d 


ooe©oc:=:  =  =  ooo 


o         -h  oooo  — i 


oooooooooooooooooo 


©OtfStfJOOOOOOCOiO 

ooc<iimooooooo'o 


::::  c  ■«*  ^  cc 


OOWOOOOOOOOOOOOO'J'O 

occo'co'dcdco«o«OKiodH 


a-,  o  o  o  c  < 


■  t~  ~  c.  ~  oa 


CO-h  —  ©OOOO-hOCO 


<N  NO  —  ~H  O 


«*0*000«occcr.oKiflOHO 


>.  o 


OCulLlinCMiONNOM 

OuO^Ot^CJT^t^-OOSOClOO 

i-i         1-1  CO 


CO  ^-  ^  ^  r-,  r-i 


onococciooocoooooosco 

"rf  X  r.  K  C  »-  C  C  OOOOO^OiOHN 
N«M«         WH  CO 


^e^^i-Hf-  oo  »-c  co  -<f  oo  1-1  ci 


»-t         i-H  <M 


Q  ~-  CO  00  CI  oa 


OJ         ^  QO 


CO'-hOhnCCCChlthChh. 


££! 


I^OOOL'JOMiflOOOCfO 
NiCO»ftWOOL'5<N--«CO'-« 
I    »  ©>  OOCT.  CO  c  c  c:  CI  Q  o  o 


-*■  X  M3  CO  t-»  C~- 

io  n  «5  a  t-»  o 


OiOONOOOOOOOOOOOOOOO 

3  —  =>  CO  O  OCOCOCOCO^OOCrCl 
EC  ',r  00  ~  O  t^  CI 


«C0<N00CCNCN>CC;05O  *-« 

CO  CO  CO  CO  CO  -- iNM^-- '  ■**«  OO  ^H 


cr  s  ea  ce  »c  i 


Zo5 


aooooiOHC  oq  oo  —  ic 


HtHObtQ  oc  t- 


l*  ^  X  f:  c:  ci  c:  C  C  C  C  3  C  >C  i-  C  CI  CI 


^  O  ^* 


l-J  K5  m  L-J  UJ  a  N  «  k  ?:  ^  Li  (N  Ol  (M  CI  CI  CI  »C  CI  CI  w  c  o 


(N  N  't  N  N  ^  ^  C  IO  C-l  c: 

•"•oaoctciwcicc 


t:  c:  e©  ^h  -^ 

OO  O  O  O  Cs 


- 


~  —  _^ 
S  JJ"o 
«n  ffl  8 


.2     -§-S 

A     .5 
3     I 

5      »  - 

C         cj 

o§<«o 

o      «  2 

C          =    C 

S    o^ 

N    o 

-  <- 

o 

oJi  * 

B  £  fj  c 

CO 

^PhD 

.SS  O 


73       -3       T3 

a  a     a  o  -  -   - 

—  ^  —  c  — 
ci  cr  c 


S3 


■<*<  co  eq  ~*  ©  cc  r?  —  ic  »-< -«  *7  O      o  oooooo  oo 

T-<    ^H    »-H    ^*    1-1    ,—     .-I    —     ^*    ^*    _-t    .—  —  —  _____^  ^1    *-H 


—  o 


5  3  ."§  3  g « 


5a    3  g3   S' 

1  ^fa£ 


H     ~ 


k£ 


~  - 
Si 


eooocoeoeooooaoboofo-^cb      —  ^ 

NOC-1"ajCCIC«rTM-(-PNN 
t-  t-  X  X  x  c;  r.  r:  O  —  «3  CO   D.C?  CI 


- 1--  OO  00  oo  ~.  — .  ~  —  ■ 


•ocr-cociO^ww 


"  ~  O  O  Cr.  ci  CI    5  ^-  t^ 

C  c^  I--  —  t^.  to  r  ^  rf  tJ< 


ws  to  ro  oc  -^c  -.c 

■>*  f  ««  «C  I—  t^-    O.U3  U3  1>- 

"    '    CJ  M  IN 


O  O  -^  CO  O  ~*         COCO 
t—  N  W  C-  •?  CM  rtS 

co  T  »o  ».o  '^r  co  W 


oo      ooocococx-ocoococcoooo 


t—  i-  i-  j:  f-  jz  — -  —  t.  ~  c:  o 


ocj       co  >o  t>-  o  -  cc  l-:  o  ; 


J  C] 


J  CI 


_    t»- 1-  i  -  y,  ^  x  ~  ~  ~-  cr.  i-- 

(NNC1C1  CS  CI  O  CI  C)  CI  CI  CI 


O^cico-^O^f   o, 


■  COOOHNC 


<>  »C  iC  U^kO         L^CiOCCtOOtOCCC 


^JI4Ctt>N. 


468 


WOOD    PRESERVATION. 


■£>?£ 

Oh  S 

o 

•--  c 

>        O        ■* 

»ra- 

<      ci 

cjcL  o> 

t  T3 

h   03 

(M 

—    L' 

S        00        rH 

—  p. 

*      cc 

**•& 

„ 

«•« 

C   o. 
Oi    > 
o   O 

K    S 

■* 

<M 

OO  O  O  O  id  c 

O  CD  O  OO  Git* 

i       NOac 

. 

■o 

> 

ceo  o  o  o  cur 

s 

oo »«  cr.  i- 

CO 

a 

tf 

P*0 

M3 

s§ 

*■* 

"J< 

go 

Ph 

13 

O 

o 

CD 

CO 

O  . 

«~. 

O    7, 

OO  o  o  o  o  c 

c 

eg 

CTWMNCTMif 

r^ 

o 

{-. 

M 

c 
o 

03 
T3 

S 

is 

CO 

01 

(M 

jq 

& 

0 

o> 

c 

a 

T3 

— 

s 

— 

*3 

c 

o 

o 

O 

? 

t= 

p 

o 
O 

15  bi) 

9.9 

c 
c 
— 

~ 

e 
o 

T3 

c 

c 
-0 

"o 

9 

0> 

o 

""O  £ 'C  T3 'Cd  "d  "a 

H 

TJ'aJ  TJ"^ 

H 

*o  9-~  S 

Ah      Ph  Ph  pL,  Ph  Pm  £ 

PLhPCL,!^ 

M 

8-g 

£          _«  a,  — ,  d 

O 

03   3 

a        a      rt   c   C3   fi  3 
H                fc  "kT  fa  -T" 

CO 

r£ 

■a 

°*% 

J3 

e©        OOOCOtOiC'- 

t_i  c3 

^  0) 

CO 

«NCO>-i 

rW 

4d 

a> 

o 

03 

033      3      J 

S 

a  ■■■■"" 

B. 

E 

W 

03 

H 

1 

r^      oooo-im 

i-l  Z 

ic 

IQ 

~ 

IQ 

CD 

tc 

EC 

o  o  o  o  o  »o  O 

O  O  O  O  O  Cv  I-- 


O        NCictO 


o  o  to  o  o  o  cq 

O  t~  OO  CO  00  00  O 


OOiOCkOiO^ 


T-H  <M  P-l   H 


MMIMO 


E-t     'O'Sy  o     Eh 


—  o>_  o 


'tfe^is 


Ci  OO  CD  CO  CO  »C  »— ' 


NCOOOHNM 
»0  »C  iO  CD  CD  CO  CO 


CO  CO  lO  •-< 


•*>OON 


WOOD    PRESERVATION. 


469 


OS 

Ph 


So 
m 


oo 
oo 


MOfflOO       OO 
CM        --  '-* 

©© 


oooo 
r-eoo© 


© 


—    ~ I   — ■    — 

■«*«ooo 


© 


ooeo-*      aa 


®e 


IMOO        00O> 
J«NiO        OO^H 


St3t3 

£  c  £  o 


O  IM 

OCC 
OS 

© 


© 


oc«c  £co  o 


ON 
OO 


t*        I' 

c  e         :£ 


g  o  «  oj 


o  a  o  J;  >5 
IS)      Ot3t3 


O  g 
o  o 
c  o 

._  u 

NO 


O  =S  is 
.£hc 


Heml 

3      3       ffl 

'2 

C  3 

-■* 

4J+>V 

«>« 

-C3 

CM      . 

a    .    . 

.CM 

.2  «  "  , 

-S  c  c 

CO 

^CO 

oooecc 

o 

CO 

■c 

1C 

14 

— iir 

»H 

5"!    -o 

cj'-S       ° 
T3t3       M 

te   O         a) 

Is  ~5 

«!,5o 
•SbJS 

■*?'&  co.3 

»   »Tc3    M 


.2  |  §  I 

S.S  1-3 
8-S.s* 

2  „  US 

-  -  o  ■- 

75  4>  o  S 

2   C   B   p 

mOOH 

0©®© 


»-c»0*^  <0 


&•»! 

o 

^< 

03.00000000 

"So." 

*  ST  •« 

Oh      » 

W      Ph 

o     o         ooooooooo 

U3 
OB 

as 

iO        ih             COOOOIOOSOOO 
.-<         ,-H                rHCOOOCMOOOO 

_B 

pgPn 

C 

o 

+2 

.    t3*i 

-0 
| 

f>i  ©  c 
^3  >i  «> 

to      ■*          Hooortoswote 

o 

1-   03   ° 

O 

+3 

"o  1 

CM         »-.               HOMCifi^MO^ 

o  ° 

1*-        O               ^OQNt»»eDM00 

OS 

Ph 

OO        O               OO  CO  OO  OO  00  00  00  OS  OS 

t. 

o      eo          cmu3cocmoooo»^!»o 

SH 

3_ 

£° 

o 

.a 

X 

& 

3      3        fe       •     fe 

3       te       ■ 

Sere 
Cut 

Sere 
Cut 
Sere 
Cut 

Sere 
Cut 

T3 

-2 

s 

"~     cu 

o. 

Creos 
upter 

[en 

Iha 

[ere 

od- 
Iha 

lew 

02                    !>      02      >■>■      02 

B 

0) 

£ 

O       a              a 

CS3      3      3 

3     3 

o 

u 
Eh 

o                t?  o          -s 

c:                           B  —                 B 

"3                      s5              =* 

pi                    PQ£            Ph 

S 

3 

s 

^ 

,          3                     33       c3      33333 

E. 

O                                      C3 

5                  8 

02 

a              a 

CO                                         ci 

W                     H 

oT  co" 

;    ;  ^ 

C0  1< 

^co 

■  com 

.     .r^ 

o^ 

o-:S3« 

:So«2 

;Ot 

,7,8 
0,21, 
.27, 
5,36, 
,43, 

761). 
(802- 
).  15 
3,54 

,2 

,3,4,5,e 

18,19,2 
4,  25,  26 
33,34,3 
0,41,42 
7,  48,  49 

S"H?S 

*««  £!  coio 

-t^.        CM               OMI 

l.l 

" 

"*  "H 

ec 

< 

" 

M   ^ 

-  R 

470   '  WOOD    PRESERVATION. 

SERVICE  TESTS  OF  CROSS-TIES  ON  NORTHERN  PACIFIC 
RAILWAY  NEAR  PLAINS,  MONT. 

NATURE   OF   TRACK. 

The  ties  for  this  test  were  placed  early  in  the  year  1907  on  the 
main  line  of  the  Northern  Pacific  Railway,  beginning  about  two  miles 
west  of  Plains,  Mont.  The  ties  were  all  laid  on  a  tangent  in  a  con- 
tinous  stretch,  extending  from  3461  feet  west  of  milepost  203  (Helena- 
Hope)  to  3203  feet  west  of  milepost  204,  covering  approximately  4800 
feet  of  track,  exclusive  of  space  omitted  for  crossings,  switches  and 
bridges.  There  is  a  uniform  grade  of  0.0167  per  cent,  over  the  entire 
test  track. 

FLAT,    FLANGED   AND    WOODEN    PLATES — SCREW    SPIKES. 

The  material  used  for  this  test  was  as  follows : 
Ties. 

Western  larch — Green,  570;  seasoned,  571;  treated,  197. 
Douglas  fir — Green,  551;  seasoned,  568;  treated,  193. 
Total,  2650. 

Tie  Plates. 

Flanged  plates    794 

Flat  plates  with  ordinary  spikes 1726 

Flat  plates  with  screw  spikes 1984 

Combination  (flat  and  flanged) 360 

Wooden  plates   436 

Total    5300 

The  wooden  plates  were  made  of  white  oak.  treated  with  one- 
twelfth  of  a  pound  of  creosote  each,  with  the  following  dimensions: 
Length,  7  inches ;  thickness,  54-inch,  and  width  a  little  greater  than 
the  base  of  the  rail. 

The  ties  were  generally  spaced  22  inches  from  center  to  center, 
which  allowed  18  ties  per  rail  length  of  33  feet.  In  a  few  cases  it  was 
necessary  to  insert  extra  ties  when  the  ties  averaged  less  than  7  inches 
in  width;  also  in  filling  in  part  of  a  rail  length  near  the  crossing, 
bridge  and  switch.  More  than  half  of  the  roadbed  is  filled,  which  fact, 
together  with  the  quality  of  the  gravel,  gives  excellent  drainage. 

The  test  was  arranged  primarily  to  determine  the  durability  of 
green,  seasoned  and  treated  timbers  which  were  cut  at  different  seasons 
of  the  year. 

The  screw  spikes,  5276  in  number,  and  flat  plates  used  in  this  test 
are  similar  to  those  used -in  the  Maywood  track,  and  were  placed  in  the 
track  as  in  the  former  instance.  The  Western  larch  and  Douglas  fir 
ties  used  in  the  Plains  track  were  hewn  pole  ties  from  Montana  and 
Idaho  and  varied  much  in  size  and  shape. 
Treatment. 

The  ties  were  treated  at  the  plant  of  the  Great  Northern  Railway 
at  Somers,  Mont.     Both  species  were  seasoned  and  were  treated  in  the 
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same  charge.  The  gage  readings  showed  an  average  injection  of  0.786 
lb.  zinc  chloride  per  cubic  foot.  The  larch  ties  absorbed  more  preserva- 
tive than  the  Douglas  fir. 

INSPECTION. 

Inspections  of  this  track  have  been  made  annually  since  1909,  exclud- 
ing the  year  1912.  Acknowledgments  are  due  Mr.  J.  D.  Korem,  Division 
Engineer  of  the  Northern  Pacific  Railway  at  Spokane,  Wash.,  and  Mr. 
B.  L.  Crosby,  Division  Engineer  of  the  Northern  Pacific  Railway  at 
Tacoma,  Wash.,  for  assistance  in  the  inspection  of  this  test  track.  The 
results  of  the  last  inspection  are  given  in  Table  on  Sheet  6,  Appendix  A. 

Untreated  Ties. 

Practically  all  of  the  untreated  ties  have  been  removed  because  of 
decay.  Table  6  shows  the  number  removed  each  year  and  the  average 
life  obtained.  Practically  no  difference  in  life  was  obtained  from  ties 
placed  green  or  seasoned.  It  was  also  noted  that  rail  wear  and  spike 
holding  qualities  were  the  same.  A  slight  difference  in  life  was  noted 
between  Douglas  fir  and  Western  larch.  It  was  noted  in  the  earlier 
inspections  that  the  Western  larch  checked  worse  and  showed  more  rail 
wear  than  the  fir  and  evidently  caused  their  shorter  life. 

Effect  of  Tie  Plates. 

Two  years  after  the  track  was  laid  it  was  found  that  the  white  oak 
wooden  tie  plates  were  not  a  success.  They  had  a  tendency  to  work 
out  from  under  the  rail,  allowing  the  tie  to  become  badly  rail  worn. 
They  also  split  badly.  The  wooden  plates  were  removed  in  1910  and 
replaced  with  Sellers  plates  and  cut  spikes. 

It  was  found  that  the  flat  Sellers  plate  and  the  Northern  Pacific 
tie  plate  gave  better  protection  to  the  ties  than  the  flanged  Wolhaupter 
plates.  The  latter  seemed  to  dig  into  the  ties,  especially  on  the  outer 
side  of  the  rail.  They  also  cause  the  ties  to  spread  and  broom  more 
at  the  ends. 

Screw  spikes  seemed  to  offer  better  protection  than  cut  spikes. 
They  held  the  rail  firmly,  whereas  the  cut  spikes  were  loose,  allowing 
play  in  the  rail  and  rail  wear  on  the  ties.  Trouble  was  experienced 
from  the  screw  spikes  bending  away  from  the  rail  at  the  head.  The 
test  shows  that  the  tie  plates  should  be  provided  with  a  shoulder  to 
support  the  heads  of  the  screw  spikes. 

Where  screw  spikes  were  used  at  the  rail  joint  with  cut  spikes  on 
the  intermediate  ties,  some  improvement  was  noted  over  the  use  of  all 
cut  spikes. 

The  results  obtained  with  the  various  forms  of  fastenings  are  shown 
in  Table  7.  The  table  does  not  indicate  any  marked  increase  in  the 
life  obtained  from  Sellers  plates  compared  with  the  Wolhaupter,  though 
the  ties  equipped  with  the  former  were  in  better  condition  throughout 
their  life.  Screw  spikes  with  Sellers  plates  seemed  to  give  a  slight  increase 
in  the  average  life  obtained  compared  with  cut  spikes  and  Sellers  plates. 
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Treated  Ties. 

The  effectiveness  of  the  zinc  chloride  treatment  of  Douglas  fir 
and  Western  larch  ties  is  clearly  evident  in  Table  6.  Practically  all  of 
the  untreated  ties  are  out,  whereas  only  2.5  per  cent,  of  the  fir  and  4.1 
per  cent,  of  the  larch  ties  have  been  removed  after  8  years'  service. 

All  of  the  treated  ties  were  equipped  with  Sellers  plates  with  screw- 
spikes  or  with  screw  spikes  in  joint  ties  and  cut  spikes  on  intermediate 
ties. 

It  was  noted  in  the  earlier  inspections  that  the  treated  ties  had  a 
tendency  to  rail  cut,  split  and  broom  at  the  ends  to  a  greater  extent 
than  the  untreated  ties.  Most  of  the  untreated  ties  were  removed  be- 
cause of  decay.  The  treated  ties,  however,  were  removed  because  of 
mechanical  wear,  which  indicates  very  strongly  that  treated  fir  and 
larch  should  be  protected  with  tie  plates. 

Quite  a  number  of  the  treated  ties  would  have  been  removed  in 
1915  for  spike  killing  and  rail  wear  had  they  not  been  turned  over.  It 
is  expected  that  turning  the  badly  worn  ties  a  year  or  two  before  they 
would  have  to  be  removed  will  give  them  several  years  more  of  service 
in  the  track. 

It  is  interesting  to  note  that  the  untreated  Douglas  fir  ties  in  the 
Maywood  track  are  failing  less  rapidly  than  those  in  the  Plains  track. 
The  Maywood  ties  are  sawn  ties,  while  those  at  Plains  are  pole  ties. 
Maywood  is  subject  to  the  heavy  precipitation  of  the  west  slope  of  the 
Cascades,  while  Plains  lies  in  the  comparatively  dry  region  of  Western 
Montana.  There  is  greater  tonnage  carried  on  the  Plains  track,  but 
Maywood  lies  on  a  mountain  grade  with  several  curves.  The  difference 
in  climatic  conditions  is  believed  to  cause  the  variation  in  durability. 
Although  pole  ties  at  Plains  contain  more  sap,  their  failure  is  due 
principally  to  checking  and  subsequent  center  decay. 

It  is  also  interesting  to  note  that  12.9  per  cent,  of  the  creosoted 
Douglas  fir  ties  at  Maywood,  compared  with  only  2.5  per  cent,  of  the 
zinc  treated  ties  at  Plains,  have  been  removed.  All  failures  of  treated 
ties  were  due  to  crushing,  and  it  is  probable  that  the  creosoted  ties  have 
been  subjected  to  harder  wear  because  of  the  grades  and  curves. 

SERVICE  TESTS  OF  CROSS-TIES  ON  NORTHERN  PACIFIC 
RAILWAY  AT  MAYWOOD,  WASH. 

NATURE   OF   TRACK. 

The  ties  f,or  this  test  were  placed  late  in  1906  in  the  main  line  of 
the  Northern  Pacific  Railway,  about  6  miles  west  of  Hot  Springs, 
Wash.,  near  the  station  at  Maywood.  They  were  laid  in  a  continuous 
stretch,  extending  from  2410  feet  west  of  milepost  197  (Pasco-Tacoma) 
to  about  1 185  feet  west  of  milepost  198,  covering  approximately  4055 
feet  of  track  or  about  three-quarters  of  a  mile.  Two  curves,  one  of 
2  degrees  and  the  other  of  5  degrees,  are  included  in  this  section.    The 
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grade   varies    from   0.46   to   0.96  per    cent.     The    following    material   was 
used : 

Green  Western  hemlock  ties 203 

Green  Douglas  fir  ties 557 

Seasoned  Douglas  fir  ties 1078 

Seasoned  and  creosoted  Douglas  fir  ties 442 

Total  ties  2280 

Screw  spikes  1500 

Flat  tie  plates .  .' 3700 

FLAT  PLATES,   SCREW   SPIKES   AND  CUT   SPIKES. 

The  flat  pieces,  used  exclusively  in  this  test,  measures  6-3/16  by  87A 
inches,  giving  a  bearing  surface  on  the  tie  of  54.9  square  inches. 
Wherever  tie  plates  were  used  with  screw  spikes  it  was  necessary  to 
enlarge  the  holes  in  the  tie  plates  to  a  diameter  of  15/16-inch.  The 
screw  spikes  were  imported  from  France,  and  are  similar  to  those  used 
by  the  French  Eastern  Railway.  The  spikes  have  the  following  dimen- 
sions:  Total  length,  6.39  inches;  length,  exclusive  of  head,  5  inches; 
diameter,  0.92-inch;  diameter  of  core,  0.66-inch.  There  are  9  spirals 
with  a  pitch  of  thread  of  0.49-inch  and  a  height  of  thread  of  0.13-inch. 
The  spikes  weighed  1.16  pounds  each.  The  common  track  spikes  used 
are  5.5  inches  long,  exclusive  of  the  head,  and  measure  9/16  by  9/16-inch 
in   cross-section. 

It  is  the  general  practice  to  double  spike  all  ties  on  the  mountain 
curves,  that  is,  to  insert  eight  spikes  per  tie,  four  at  each  end.  This  was 
adhered  to  throughout  the  test  wherever  common  spikes  were  employed. 
In  the  case  of  screw  spikes,  four  were  inserted  per  tie,  on  both  tangents 
and  curves.  An  11/16  auger  was  used  in  boring  the  holes  for  inserting 
the  screw  spikes.  The  holes  were  filled  with  creosote  before  the  spikes 
were  screwed  into  place. 

The  roadbed,  for  the  most  part,  is  earth  embankment,  well  drained. 
Gravel  is  used  exclusively  for  ballast.  The  valley,  at  the  point  where 
the  track  has  been  placed,  is  very  narrow,  with  standing  timber  on 
both  sides  of  the  right-of-way,  so  that  the  track  receives  the  sun  only 
a  few  hours  of  the  day. 

Sawn    Douglas    fir    ties    were    used    and    were   obtained    at    Tacoma, 
Wash.     The  wood  showed   from  4  to  36  rings  per  inch  and  were  made 
from  trees  3  to  6  feet  in  diameter. 
Treatment. 

The  Douglas  fir  ties  were  treated  with  creosote  after  air  seasoning. 
An  increase  in  weight  of  8.6  lbs.  per  cubic  foot  was  obtained  during 
treatment,  but  when  placed  in  the  track  four  months  later  they  had 
lost  2.4  lbs.  per  cubic  foot,  leaving  the  net  increase  6.2  lbs.  per  cubic  foot. 

Inspection  of  Ties. 

Inspections  of  this  track  have  been  made  annually  since  1909,  exclud- 
ing the  year  1912.  Acknowledgments  are  due  Mr.  J.  D.  Korem,  Division 
Engineer  of  the  Northern   Pacific  Railway  at   Spokane,  Wash.,  and  Mr. 
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B.  L.  Crosby,  Division  Engineer  of  the  Northern  Pacific  Railway  at 
Tacoma,  Wash.,  for  assistance  in  the  inspection  of  this  test  track.  The 
results  of  the  last  inspection  are  given  in  Table  on  Sheets  6  and  7, 
Appendix  A. 

Untreated  Ties. 

A  large  number  of  the  untreated  ties  have  been  removed  for  decay. 
Table  8  is  given  to  show  the  number  removed  each  year.  The  data 
indicate  that  there  was  practically  no  difference  in  durability  between 
green  and  seasoned  untreated  Douglas  fir  ties  and  that  the  untreated 
Douglas  fir  ties  were  more  durable  than  the  untreated  Western  hemlock 
ties.  The  average  life  of  the  latter  in  this  track  was  7.3  years,  while 
it  can  be  estimated  that  the  green  and  seasoned  Douglas  fir  ties  will 
last  at  least  8.2  and  8.3  years,  respectively. 

Effect  of  Tie  Plates. 

The  effectiveness  of  tie  plates  on  untreated  Douglas  fir  ties  is 
shown  in  Table  9,  where  from  71  to  75  per  cent,  of  ties  with  tie  plates 

TABLE  9.    EFFECT  OF  TIE  PLATES  ON  DURABILITY  OF  UNTREATED 
DOUGLAS   FIR  TIES  IN  MAYWOOD,  WASHINGTON. 
(AFTER  8.7  YEARS  OF  SERVICE.) 


Group  Nos. 

Kind  of 
Plate 

Kind  of  Spike 

Number 
of  Ties 

Removed 

1915 
Per  Cent. 

1,2,5,6 

9,  14      

Sellers 

Cut 

Alternate  cut  and  screw 

Screw 

Cut 

814 
142 
138 
58 
199 

71 

75 

11,  12 

72 

8 

95 

15,  17 

96 

were  removed  after  8  years'  service,  compared  with  95  per  cent,  removals 

without  tie  plates.     At  the  various  inspections  it  was  noted  that  where 

screw  spikes  were  placed  at  joints,  with   cut  spikes  on  the  intermediate 

ties,   rail   wear   was   not   diminished  on   the   joint   ties.     Also   that   screw 

spikes   held   the    rail   more   securely  to   the   tie   than   the   cut   spikes.     No 

difference   in    rail   wear   was   noted  between    the    ties    fastened    with   cut 
and  with  screw  spikes. 

Treated  Ties. 

The  lower  percentage  of  removals  of  creosoted  Douglas  fir  ties 
demonstrates  the  protection  from  decay  afforded  by  a  preservative  treat- 
ment with  creosote. 

Effect  of  Tie  Plates. 

The  advantage  to  be  derived  from  tie  plates  on  the  creosoted  ties  is 
clearly  shown  by  Table  10.  The  creosoted  ties  not  tie  plated  were  badly 
broomed  and   shattered   on  the   upper   side.     It  was  evident   at   the   1913 
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TABLE  10. 


EFFECT  OF  TIE  PLATES  ON  DURABILITY  OF  CREOSOTED 
DOUGLAS  FIR  TIES  IN  THE  MAYWOOD  TEST  TRACK. 
FROM  1915  INSPECTION. 


Group 
No. 

Kind  of 
Tie  Plate 

Kind  of  Spike 

Number 
of  Ties 

Good 
Per  Cent. 

Removed 
Per  Cent. 

3  and  7.... 

10 

13 

Sellers 

Sellers 

Sellers 

None 

Cut 

Screw 

Alternate  cut  and  screw. . . . 
Cut 

225 
100 

46 

71* 

79.6 

S6.0 

78.2 

0 

16.4 

8.0 
15.3 

18 

7.0 

"Ties  nil  turned  over  in  1913. 

inspection  that  these  ties  would  wear  out  before  they  would  decay,  and 
hence  they  were  turned  over  and  plated  with  the  standard  tie  plate 
used  by  the  Northern  Pacific  Railway.  The  191 5  inspection  showed 
that  the  expense  of  turning  these  ties  was  fully  justified  by  their  ex- 
cellent condition.  However,  the  ties  originally  tie  plated  did  not  rail  cut 
as  badly  as  those  not  plated  and  did  not  need  to  be  turned  over. 

The  creosoted  Douglas  fir  ties  seemed  to  be  softer  and  wore  more, 
rapidly  at  first  than  the  untreated  ones,  which  indicates  a  greater  need 
for  tie  plates  on  the  treated  ties.  It  is  doubtful  whether  the  increased 
life  obtained  by  tie  plating  the  untreated  ties  would  warrant  the  expense. 
There  is  little  doubt,  however,  that  the  expense  is  justified  in  the 
case  of  the  treated  ties. 

As  to  the  relative  advantage  of  cut  versus  screw  spikes  little  can 
be  said  from  the  results  of  the  test.  The  screw  spike  held  the  rail 
more  firmly  and  the  per  cent,  of  removals  is  somewhat  lower  than  with 
cut  spikes.     More  time  must  elapse  before  conclusions  can  be  drawn. 

SERVICE  TESTS  OF  CROSS-TIES  ON  CHICAGO,  MILWAUKEE 
&  ST.  PAUL  RAILWAY. 

Between  1911  and  1913  several  sections  of  track  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railway  were  set  aside  as  test  tracks,  and  records 
kept  of  all  removals.  Since  no  records  were  maintained  previous  to 
the  time  the  tracks  were  established,  the  dates  of  removal  of  a  few 
of  the  ties  could  not  be  determined.  No  records  of  treatment  are  avail- 
able except  the  purchase  requirements.  The  following  are  the  records 
of  those  ties  that  have  been  in  service  long  enough  to  give  data  of 
interest.  The  data  were  furnished  by  Mr.  F.  S.  Pooler,  Tie  Agent, 
Chicago,  Milwaukee  &  St.  Paul  Railway,  Chicago,  111.  (See  Sheet  3, 
Appendix  A.) 

track  no.  4. 
(Longleaf   Pine,  Untreated.  Laid   1899  and   1900.) 

This  test  is  located  on  the  La  Crosse  Division  and  its  purpose  is 
to  test  longleaf  yellow  pine  ties.  It  is  located  from  1  mile  to  1000  feet 
east  of  Rio,  Wis.,  to  2980  feet  east  of  Rio.     Twenty-one  hundred  longleaf 
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yellow  pine  sawed  ties  (90  per  cent,  heart),  6  by  8  inches  by  8  feet  are 
used  without  treatment.  Seven  hundred  and  thirty-two  of  the  ties  are 
placed  on  a  curve  and  1368  are  on  a  tangent.  Common  spikes  without 
tie  plates  are  used.  The  ballast  is  gravel  and  drainage  is  good.  The 
ties  were  laid  in  1899  and  1900,  85-lb.  rail  being  used,  but  later  changed 
to  90  lbs.  The  traffic  is  as  heavy  as  any  on  the  lines  of  this  road. 
Removals  to  date  are  as  follows : 
191 1 — 529  because  of  decay. 

330  broken  off  because  of  rail  cutting. 
538  decayed  and  split. 
1912 — 103  because  of  decay- 
1913 — 72  because  of  decay. 
1914 — 118  because  of  decay. 
1915 — 130  because  of  decay. 
Two  hundred  and  eighty  ties  still  remained  in  the  track  in  191 5. 
The  average  life  of  these  ties  was  between  12  and  13  years. 

track  no.  9. 
(Red   Oak,   Zinc  Treatment,   Laid   1906.) 
This   test   is   located   on   the  Trans-Missouri    Division.    Puget   Sound 
Line,  and  its  purpose  is  to  test  red  oak  zinc-treated  ties.     It  is  located 
at    McLaughlin,    S.   D.,   beginning  at   the   tool   house   east   of    that   place 
and  extending  eastward,  being  marked  by  stone  monuments  placed  about 
25   feet  from  the  rail  on  the  north  side  of  the  track  and  opposite  each 
end.     Three  hundred  hewn  red  oak  ties,  6  by  8  inches  by  8  feet,  treated 
by  the   Burnett   process   at   the   Carbondale,    111.,   plant   of  Ayer   &   Lord 
Tie   Company,  were   laid  in    1906.     Records   of   treatment   are   not   avail- 
able, except  that  a  4  per  cent,   solution  of   zinc  chloride  was  used  and 
0.5-lb.  per  cubic   foot  was  injected.     The  ties  were  steam  seasoned.     No 
tie  plates  were  used.    American  Society  of  Civil  Engineers  section  of  rail 
was  used  in  this   track,   the   weight  of  the   rail  being  85   lbs.     Common 
spikes   without   tie   plates   were   used.     The    ties    are   on    a  level    tangent 
with  good  drainage.     Density  of  traffic  is  about  average. 
Removals  to  date  are  as  follows : 
None  previous  to  1913. 
1913 — 1  because  of  decay. 
1914 — 3  because  of  decay. 
-r  1915 — Data  not  received. 

TRACK    NO.    10. 

(Untreated  White  Oak  Ties,  Laid  1906.) 
This  test  is  located  on  the  Kansas  City  Division,  Rutledge  Line,  and 
its  purpose  is  to  test  untreated  white  oak  cross-ties.  It  is  located  one 
and  one-half  miles  east  of  Washington,  Iowa,  where  the  white  oak  cross- 
ties  (see  Track  No.  11)  join  the  zinc-treated  pine  cross-ties.  /Five  hun- 
dred hewn  white  oak  ties,  6  by  8  inches  by  8  feet,  were  laid  in  May, 
1903,    all    on    a    tangent.     Common    spikes    without    tie    plates    are    used. 
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The  ballast  is  gravel.  American  Society  of  Civil  Engineers  section  of 
rail  was  used  in  this  track,  the  weight  of  the  rail  being  85  lbs.  The 
traffic  is  heavy. 

Removals  to  date  are  as  follows : 

*I9I3 — 202  because  of  decay   (40.4  per  cent.). 

1914 —  18  because  of  decay   (  3.6  per  cent.). 

1915 —  87  because  of  decay   (17.4  per  cent.). 

One  hundreds  and  ninety-three  ties,  or  38.6  per  cent.,  still  remain 
in  the  track  after  twelve  years'  service.  The  average  life  of  these  ties, 
assuming  that  one-half  of  those  remaining  will  come  out  in  1916  and  the 
remainder  in  1917,  would  be  about  11  to  12  years. 

TRACK    NO.    II. 

(Zinc-Treated  Shortleaf  Pine  Ties,  Laid  1903.) 
This  test  is  located  on  the  Kansas  City  Division,  Rutledge  Line,  and 
its  purpose  is  to  test  zinc-treated  pine  cross-ties.  It  is  located  on  a  tangent 
one  and  one-half  miles  east  of  Washington.  Iowa,  where  white  oak  cross- 
ties  join  the  zinc-treated  pine  cross-ties  (see  Track  No.  10).  Five  hun- 
dred sawed  shortleaf  yellow  pine  ties,  6  by  8  inches  by  8  feet,  treated 
by  the  Burnett  process,  after  air-seasoning,  with  one-half  lb.  of  chloride 
of  zinc  per  cubic  foot,  were  laid  in  May,  1903.  Tie  plates  were  put 
on  these  ties  in  1911.  These  are  malleable  iron  flanged  (44-inch)  plates, 
Chicago,  Milwaukee  &  St.  Paul,  type  "M."  The  ballast  is  gravel  and 
drainage  good.  American  Society  of  Civil  Engineers  section  of  rail 
was  used  in  this  track,  the  weight  of  the  rail  being  85  lbs.  Traffic 
is  heavy. 

Removals  to  date  are  as  follows : 
1913 — 21  because  of  decay. 
1914 —  8  because  joint  ties  with  new  steel  were  put  in. 

11  because  of  decay. 
191 5 — 10  because  of  decay. 
Four    hundred   and    fifty-nine   ties,    or   90  per   cent.,    still    remain    in 
the  track  after  twelve  years  of  service.     This  track  has  special  interest, 
as  a  direct  comparison  with  Track   No.    10  is  obtained   where  untreated 
white  oak  ties  are  used. 

TRACK   NO.    12. 

(Zinc-Treated  Shortleaf  Pine  Ties,  Laid  1906.) 
This  test  is  located  on  the  Puget  Sound  Line,  Trans-Missouri  Divi- 
sion, and  its  purpose  is  to  test  zinc-treated  shortleaf  Southern  pine  ties. 
It  is  located  on  a  tangent  one-quarter  mile  west  of  Morristown,  S.  D., 
stakes  being  placed  at  each  end  of  the  track.  Five  hundred  sawed 
ties,  6  by  8  inches  by  8  feet,  air-seasoned  and  treated  by  the  Burnett 
process  with  one-half  lb.  of  zinc  per  cubic  foot,  were  treated  and 
laid  in  1906.  Malleable  iron  tie  plates  with  34-inch  flanges,  Chicago. 
Milwaukee   &   St.    Paul,   type   "M,"    are   used.     The   ballast   is    sand    and 


♦Some  may  have  been  removed  before  1913,  but  no  record  is  available. 
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60   per   cent,    burnt   clay.     Drainage   is    fair.     American    Society    of    Civil 
Engineers  section  of  rail  was  used  in  this  track,  the  weight  of  the  rail 
being  85  lbs.     Traffic  is  average  for  the  road. 
Removals  to  date  are  as  follows : 
None  previous  to  1914. 
To  Sept.  23,  1914 — 53  because  of  decay. 
Data  on   1915  removals  are  not  yet  available. 

TIE  SERVICE  TESTS  ON  THE  CHICAGO,  INDIANAPOLIS  & 
LOUISVILLE  RAILWAY. 

During  August,  1915,  Mr.  T.  G.  Stull,  Chief  Tie  Inspector  of  the 
Chicago,  Indianapolis  &  Louisville  Railway  Company,  made  an  inspection 
of  ties  placed  in  the  track  during  the  year  1908,  between  milepost  120 
and  milepost  240  on  a  line  between  Chicago  and  Louisville;  that  is,  he 
walked  and  inspected  in  detail  ties  in  120  miles  in  the  main  line.  He 
made  actual  notes  of  52,252  creosoted  ties.  All  of  the  creosoted  ties 
reported  as  laid  in  this  track  were  not  found,  due  to  some  removals 
and  largely  due  to  washouts  which  had  taken  place  in  this  particular 
section  several  years  before.  Of  the  ties  found  separate  records  were 
kept  for  creosoted  and  untreated  white  oak.  Referring  to  the  creosoted 
ties,  he  made  the  following  notes : 

{On  tangent   21,053 
On  curve  1 1,273 

Total  32,326 

C  On  tangent   10,180 

Slightly  rail  cut,  %  to  24  inches — J    On  curve  6,235 


31.42  per  cent. 


L      Total  16.415 

C  On  tangent   1 ,795 

Badly   rail   cut,   24   to   1^   inches — \   On  curve  1,554 

6.41    per   cent 


^      Total   3,349 

Ties  that  should  be  removed—  -0.29  per  cent 152 

Mr.  Stull  reports: 

"These  figures,  of  course,  do  not  include  ties  on  road  and  street 
crossings,  as  these  could  not  be  examined.  It  is  also  probable  that  not 
all  of  the  1908  treated  ties  had  dating  nails  put  in  them,  as  great  diffi- 
culty was  experienced' in  getting  the  section  men  to  use  the  dating  nails 
properly,  and,  as  the  dating  nails  are  the  only  means  of  identifying 
these  ties  now,  any  which  were  not  dated  and  are  still  in  track  could 
not  be  included  in  the  inspector's  count. 

"There  were  1764  white  oak  ties  found  containing  1908  dating  nails; 
condition  as  follows  : 

Good    157  Ties  9.00  per  cent. 

Fair    892     "  50.57     "      " 

Bad    715      "  40.43     "      " 

Total    T764     "         100.00     "      " 
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"If  we  assume,  as  is  reasonable,  that  these  white  oak  ties  were 
put  in  the  track  in  1908,  it  is  interesting  to  note  that  over  40  per  cent, 
of  them  were  in  bad  condition  as  compared  with  only  about  6  per  cent, 
of  the  treated  ties.  We  have  no  means  of  telling  how  many  of  the 
1908  white  oak  ties  have  been  removed. 

"The  white  oak  ties  appear  to  be  living  up  well  to  reputation  of 
lasting  from  seven  to  nine  years,  but  the  treated  red  oak  tie  of  the 
same  size  is  outlasting  them  considerably  under  similar  conditions.  A 
white  oak  tie  with  sap  wood  on  corners  and  face  begins  to  show  decay 
in  a  few  years,  and,  after  four  or  five  years,  the  sapwood  sloughs  off, 
leaving  the  inner  harder  wood,  which  will  usually  last  three  or  four 
years.  The  sapwood  on  the  treated  red  oak  tie  remains  intact,  giving  a 
full-sized  tie  for  a  much  longer  period. 

"Treated  ties  placed  in  the  track  in  1908  included  nearly  all  kinds 
of  timber  produced  along  our  lines — red  oak,  hickory,  ash,  beech,  sugar 
elm,  black  gum,  sweet  gum,  chestnut,  white  walnut,  pine  and  soft  maple- 
all  being  used.  Very  few  show  any  external  evidence  of  decay  and  only 
19  ties  show  fungus  growths.  The  principal  apparent  defect,  rail  cut- 
ting, may,  in  some  measure,  be  due  to  the  interior  decay  not  evident 
on  the  surface,  which  is  more  thoroughly  impregnated  with  the  preserva- 
tive oil. 

"Red  oak  ties  show  less  rail  wear  than  any  of  the  others,  hickory, 
ash,  beech  and  sugar  elm  following  in  the  order  named.  The  other 
treated  woods  are  cut  more  severely,  nearly  three-fourths  of  the  Badly 
cut  ties  being  of  these  softer  woods.  The  hickory  and  ash  ties  season 
check  and  split. 

"Where  the  harder  ties  are  distributed  sparingly  among  the  softer 
woods,  the  former,  having  to  bear  more  than  their  share  of  service, 
are  cutting  badly  with  the  latter  and  noticeably  worse  than  where  hard 
ties  are  laid  in  entire  panels.  The  same  condition  applies  where  new 
ties  are  distributed  sparingly  among  old.  badly  worn  ones. 

"Ties  are  cutting  worse  on  curves  than  on  tangent,  worse  on  grades 
than  on  level  track  and  much  worse  on  curved  grade.  Where  tie  plates 
are  used,  either  on  tangent  or  curve,  the  wear  on  the  ties  is  noticeably 
less,  especially  on  curves  where  the  canting  of  the  rail,  when  no  tie 
plates  are  used,  necessitates  frequent  pulling  of  spikes  and  re-adzing 
and  soon  destroys  the  ties.  White  oak  ties  are  recommended  for  curves 
which  are  not  tie  plated,  as  these  will  probably  last  as  long  as  the 
treated  tie,  the  severe  mechanical  wear  destroying  the  usefulness  of 
either  before  they  have  time  to  decay.  While  tie  plates  will  not  elimi- 
nate this  trouble  entirely,  they  will  assist  materially. 

"Cutting  of  both  hard  and  soft  wood  treated  ties  on  tangent  track 
is  due  in  some  cases  to  loose  spikes,  low  joints  and  poor  drainage,  but 
the  cutting  of  the  softwood  ties  in  most  places  apparently  can  be 
attributed  only  to  their  inherent  inability  to  stand  up  under  present 
large  power  and  equipment. 
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"About  68  per  cent,  of  the  1908  treated  ties  are  estimated  to  have 
been  pole  ties.  These  are  in  as  good  condition  as  squared  hewn  ties 
of  the  same  face  and  thickness,  but  not  quite  so  good  as  the  sawed  ties. 

"The  1908  ties  will  not  grade  nearly  so  well  in  size  as  the  ties 
received  since  1910,  containing  many  more  thin,  narrow-faced  ties,  which 
rail-cut  much  more  readily. 

"Section  foremen  report  that  more  treated  ties  were  removed  from 
the  track  the  first  two  or  three  years  that  treated  ties  were  used  than 
later,  that  some  of  them  broke  when  unloading  and  some  at  the  rail 
bearing  after  short  service.  These  ties  were  undoubtedly  defective  when 
treated." 

The  creosoted  ties  referred  to  were  treated  by  the  Lowry  process 
with  a  net  average,  retention  of  2x/2  gallons  per  tie.  It  is  of  interest  to 
note  that  of  the  ties  now  in  the  track  only  .29  per  cent,  of  the  creosoted 
ties  are  marked  as  being  unfit  for  further  service  at  the  end  of  the 
year,  while  over  40  per  cent,  of  the  white  oaks  are  marked  as  unfit  for 
further  service. 

SERVICE  TESTS  OF  TIES  IN  THE  CENTRAL  RAILROAD  COM- 
PANY OF  NEW  JERSEY. 

RECORD    NO.    I. 

In  1876  about  5000  creosoted  ties  were  laid  in  the  tracks  of  this 
railroad  west  of  Boundbrook,  N.  J.  The  ties  were  creosoted  at  Eliza- 
bethport,  N.  J.  The  details  of  treatment,  absorption  and  quality  of 
preservative  are  not  available.  No  tie  plates  were  used  on  these  ties. 
It  was  at  one  time  thought  that  these  ties  were  cedar  and  cypress,  but 
this  is  not  certain.     It  is  possible  that  they  may  have  been  pine. 

None  of  the  ties  were  removed  until  1888,  when  about  10  per  cent, 
were  taken  out  of  the  track.  A  few  were  then  removed  each  year  until 
in  the  summer  of  1895,  when  the  last  ones  were  taken  out.  The  ties 
gave  very  good  satisfaction,  as  is  shown  by  the  length  of  time  they 
were  in  service.  The  greatest  difficulty  experienced  was  in  cutting  down 
under  the  rail  on  account  of  the  soft  quality  of  the  wood. 

record  no.  2. 

In  1879  a  number  of  ties  were  placed  in  the  main  tracks  of  this  road 
in  Pennsylvania.  The  number  originally  placed  cannot  be  stated.  Ex- 
aminations made  of  these  ties  of  late  years  indicate  that  the  timber  was 
probably  a  quick-growing  coarse-grained  Pennsylvania  pine.  The  ties 
were  creosoted  at  the  Elizabethport  plant,  but  the  details  of  absorption, 
quality  of  preservative,  method  of  treatment,  etc.,  are  not  available.  A 
number  of  these  ties  were  removed  in  1909  for  examination,  and  all  of 
them  were  removed  by  1913.  Those  removed  in  1909  and  later  show  no 
evidence  of  decay.  They  had  been  adzed  down  considerably  on  account 
of  rail  cutting,  and  also  because  of  renewals  of  rails  having  been  made 
with  various  sizes  of  rails.  The  average  life  of  these  ties  is  stated 
to  have  been   i5T/2  years. 
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To  the  Members  of  the  American  Railway  Engineering  Association: 

The  subjects  assigned  by  the  Board  of  Direction  for  investigation  and 
report  are  as  follows : 

1.  Make  critical  examination  of  the  subject-matter  in  the  Manual, 
and  submit   definite   recommendations  for   changes. 

2.  Report  on  rail  failures,  statistics  and  conclusions. 

3.  Report  on  effect  on  rail  of  defective  equipment  and  improper 
niaintenance. 

4.  Continue  special  investigations  of  rails. 

5.  Track  bolts  and  nutlocks. 

Meetings  were  held  during  the  year  1915  as  follows:  Pittsburgh, 
April  20,  with  9  present;  New  York,  June  21,  with  15  present;  Pittsburgh. 
October  26,  with  15  present;  jointly  with  the  rail  manufacturers  at  Pitts- 
burgh, October  27,  with  14  representatives  of  the  Rail  Committee  and  6 
representatives  of  the  manufacturers;  Chicago,  December  14,  with  9 
present. 

(1)     REVISION  OF  MANUAL. 

Your  Committee  has  no  changes  to  suggest  in  the  chapter  on  Rail, 
as  shown  in  the  1915  Manual,  at  the  present  time. 

By  reference  to  the  recommendations,  it  will  be  noted  that  certain 
specifications  now  embodied  in  the  Manual  under  the  chapter  on  Track  are 
to  be  withdrawn  and  those  submitted  in  this  report  substituted,  if  approved 
by  the  Association. 


(2)     RAIL  FAILURES,   STATISTICS  AND  CONCLUSIONS. 

The  statistics  covering  rail  failures  for  the  period  ending  October 
31,  1914,  were  issued  in  Bulletin  179  for  September,  1915.  (See  Appendix 
B.)     They  show  a  decrease  in  the  number  of  failures  of  rails  rolled  in  suc- 
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cessive  years  since  1908,  as  indicated  by  the  figures  showing  the  failures 
of  open-hearth  rails  rolled  by  all  the  mills,  expressed  as  number  of 
failures  per   10,000  tons  of  rail  laid. 

Year  — Years   of    Service  of    Rails — ■ 

Rolled     0  Year     1  Year    2  Years    3  Years    4  Years    5  Years 
1908 ...  ...  ...  ...  268.9 


1909 
1910 
1911 
1912 

1913 
1914 


109.0  141. 7 

57-6  76.3 

374  58.8 

18.4          20.1 
1.2            7.9 
0.8  


The  final  basis  of  comparison  is  the  number  of  failures  per  10,000 
tons  for  five  years'  service,  but  when  this  age  has  not  been  reached 
for  the  later  rollings,  a  comparison  can  be  made  in  the  meantime  on 
a  less  number  of  years'  service,  and  a  study  of  this  table  indicates  an 
improvement  for  the  successive  years'  rollings  as  compared  with  the 
rollings  of  previous  years. 

The  statistics  for  the  year  1915  are  in  process  of  compilation.  The 
basis  of  comparison  has  also  been  changed  from  "failures  per  10,000  tons 
of  rail  laid"  to  "failures  per  100  track  miles  of  rail  laid,"  and  the  next 
report  will  be  on  this  basis. 

(3)      EFFECT    ON    RAILS    OF    DEFECTIVE    EQUIPMENT    AND 
IMPROPER  MAINTENANCE. 

This  subject  was  assigned  with  the  object  of  determining  the  effect 
of  bad  spots  in  wheels  on  rails  with  a  view  to  having  the  allowable  de- 
fects in  wheels  changed  if  found  to  be  necessary,  and  experiments  in 
that  line  are  being  considered.  This  is  rather  a  complex  subject  and  we 
are  unable  to  make  any  definite  report  until  such  time  as  the  Joint  Com- 
mittee on  Stresses  in  Railroad  Track  is  prepared  to  go  extensively  into 
the  matter  of  making  experiments  to  develop  just  what  the  effect  of  bad 
flat   spots  on  wheels   is   on   the   rail. 

(4)     SPECIAL  INVESTIGAGTIONS   OF  RAILS. 

During  the  year  special  reports  have  been  presented  to  the  Rail 
Committee  as  follows : 

No.  49.  Segregation  and  Sponginess  in  Ladle  Test  Ingots.  By  Robert 
W.  Hunt  &  Co.     (Bulletin  I79-)     See  Appendix  C. 

No.  50.  Influence  on  Rails  of  Method  of  Blooming.  By  M.  H. 
Wickhorst.     (Bulletin  179.)     See  Appendix  D. 

No.  51.  American  Rail  Mill  Practice.  By  Sub-Committee  on  Mill 
Practice.  Charles  S.  Churchill,  Chairman.  (Bulletin  183.)  See  Ap- 
pendix E. 

No.  52.  Internal  Fissures  in  Rails.  By  Sub-Committee,  W.  C.  dish- 
ing, Chairman.     (Bulletin  184.)     See  Appendix  F. 

No.  53.  Some  Causes  of  Rail  Failures.  By  W.  C.  Cushing.  (Bulle- 
tin 185.)     See  Appendix  G. 

No.  54.  The  Nick  and  Break  Test  in  the  Inspection  of  Steel  Rails. 
By  Robt.'W.  Hunt  and  C.  W.  Gennet,  Jr.     See  Appendix  H. 


RAIL.  485 

The  paper  on  Ladle  Test  Ingots  calls  attention  to  the  importance  of 
obtaining  the  test  ingots  free  from  sponginess,  if  it  is  to  correctly 
represent  the  composition  of  the  steel  in  the  heat.  A  spongy  test  ingot 
is  apt  to  be  of  very  heterogeneous  composition,  and  aluminum  is  sug- 
gested as  a  desirable  addition  to  the  test  ingot  to  prevent  sponginess  in  it. 

The  paper  on  Methods  of  Blooming  is  a  contribution  to  the  study  by 
the  experimental  method,  of  the  influence  of  various  methods  of  rolling 
the  bloom,  on  the  properties  of  the  rails  and  the  production  of  seams. 
Taking  the  country  as  a  whole,  a  large  proportion  of  the  rail  failures 
originate  from  seams  in  the  base  of  the  rail  or  from  low  transverse 
ductility  in  the  base.  This  is  a  rather  difficult  field  to  work  in  and  will 
require  a  great  amount  of  experimental  work,  but  improvement  of 
rails  along  the  directions  mentioned  can  be  expected  to  materially  reduce 
rail  breakages. 

The  paper  on  Rail  Mill  Practice  covers  a  report  of  a  Sub-Committee 
that  visited  the  different  rail  mills  of  the  country.  Brief  descriptions  are 
given  of  the  several  rail  plants;  representative  analyses  are  presented  of 
the  materials  used;  comparisons  are  made  of  each  of  the  stages  of  manu- 
facture; attention  is  called  to  the  changes  and  improvements  made  in  the 
last  few  years,  and  finally  a  discussion  is  given  of  the  relation  of  mill 
practice  to  rail  failures. 

The  paper  on  Internal  Fissures  in  Rails  covers  a  report  of  a  Sub- 
Committee  concerning  particularly  the  state  of  information  on  this  sub- 
ject. The  different  types  of  internal  fissure  are  discussed  and  a  bibliog- 
raphy of  the  subject  is  given.  From  the  study  of  a  large  number  of 
chemical  examinations  made 'by  the  Altoona  Laboratory  it  appeared  that 
transverse  fissures  occur  indiscriminately  in  the  several  rails  of  the  ingot 
and  that  segregation  is  not  an  important   factor  in  causing  the  fissures. 

Mr.  Cushing's  paper  on  Causes  of  Rail  Failures  presents  a  large  num- 
ber of  illustrations  of  the  different  types  of  failures,  gives  tabulations  and 
diagram  of  results  of  tests  and  a  discussion  of  the  causes  of  the  failures. 

The  paper  by  Messrs.  Hunt  and  Gennet  gives  the  results  of  experience 
with  the  inspection  of  rails  by  the  "nick  and  break  test"  of  a  rail  from 
each  ingot,  and  in  which  segregation  i?  judged  by  the  appearance  of  the 
fracture.  It  is  concluded  that  this  method  of  inspection  insures  greater 
protection  to  the  purchaser  of  rails  and  better  conserves  the  interests  of 
the  maker  of  the  rails. 

(5)  TRACK  BOLTS  AND  NUT  LOCKS. 
This  subject  has  had  the  attention  of  the  Committee,  and  we  submit 
below  specifications  for  "Medium  Carbon  Steel  Track  Bolts  with  Nuts," 
and  specifications  for  ''Quenched  Carbon  and  Quenched  Alloy  Steel  Track 
Bolts  with  Nuts."  These  specifications  are  recommended  to  supersede 
those  now  in  the  Manual.  Some  attention  has  been  given  to  the  matter 
of  specifications  for  spiral  spring  nut  locks  or  spring  washers  for  track 
bolts,  but  the  Committee  is  not  yet  prepared  to  recommend  new  specifica- 
tions to  supersede  those  in  the  Manual. 
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SPECIFICATIONS  FOR  JOINT  BARS. 
The  Manual  now  contains  "Specifications  for  Heat  Treated,  Oil 
Quenched,  Steel  Joint  Bars,"  which  the  Committee  has  thought  should 
be  revised  so  as  to  provide  more  satisfactorily  for  bars  when  made  of 
alloy  steel,  and  submits  such  revised  specifications  below.  These  specifi- 
cations also  call  for  carbon  limits  and  a  slight  increase  in  elongation, 
together  with  a  few  other  changes. 

FUTURE   WORK. 
An  outline  is  here  given  of  the  general  lines  of  work  which   we  think 
our  Committee  should  continue  to  cover. 

i.  Continue  investigation  of  causes  of  rail  failures. 
Our  knowledge  of  the  causes  of  the  different  types  of  failure  has 
been  put  on  a  much  more  satisfactory  and  definite  basis  than  existed  a 
few  years  ago  and  some  remedies  are  in  progress  of  being  applied. 
Much  still  remains  to  be  done,  particularly  as  to  transverse  fissures,  a 
type  of  failure  that  has  recently  befcome  prominent,  and,  of  course,  a 
thorough  knowledge  of  causes  must  precede  the  adoption  of  effective 
means  for  applying  remedies. 

2.  Continue  research  concerning  details  of  manufacture  as  they 
affect  rail   quality. 

Our  work  has  consisted  largely  of  such  investigations,  which  have 
added  to  the  knowledge  of  the  rail  mills  as  well  as  of  the  railroads, 
and  this  should  continue  to  be  the  important  feature  of  our  work. 
While  we  probably  cannot  (and  possibly  also  should  not)  take  part 
directly  in  the  improvement  of  methods  of  manufacture,  still  such 
investigations  as  referred  to  serve  as  a  basis  and  an  incentive  for 
improvement  work  by  the  mills,  which  finally  results  in  improved 
rails. 

3.  Continue  investigation  and  development  of  methods  of  inspec- 
tion. 

The  various  investigations  have  been  useful  toward  improving  meth- 
ods of  rail  inspection  and  this  work  should  continue  so  as  to  more 
effectively   prevent   the  acceptance   of   undesirable   rails. 

4.  Continue  reports  on  Rail  Mill  Practice. 

Our  recent  comparison  of  rail  mill  practice  has  shown  that  better- 
ments have  been  made  in  recent  years  and  these  comparisons  should 
be  continued  in  order  to  bring  out  the  best  practices  in  each  detail 
of  rail   manufacture  in  so   far  as  the  quality  of  the  rail  is  affected. 

5.  Continue  reports  on  Rail  Failure  Statistics. 

These  statistics  have  given  useful  comparisons  of  the  performance 
of  rails  from  different  mills,  and  they  should  be  continued  so  as  to 
maintain   a  healthy   effort  to   continually  improve  the  rail   product. 

6.  Keep  in  touch  with  the  Federal  and  State  Commissions. 
Several   Federal  and    State   bodies   are  giving  considerable   attention 

to    accidents    caused    by    broken    rails    and    the    Rail    Committee    should 
keep   in    touch    with   their   investigations    and   reports. 
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RECOMMENDATIONS. 

Your  Committee  submits  the  following  recommendations  for  the 
approval    of    the   Association : 

1.  That  the  Specifications  for  Quenched  Carbon  and  Quenched 
Alloy  Steel  Joint  Bars  recommended  above  be  adopted  by  the  Associa- 
tion and  that  they  be  substituted  in  the  Manual  for  the  present  Speci- 
fications   for   Heat   Treated,    Oil   Quenched,    Steel  Joint   Bars. 

2.  That  the  Specifications  for  Medium  Carbon  Steel  Track  Bolts 
with    Nuts   recommended   above   be  adopted   by   the   Association.  • 

3.  That  the  Specifications  for  Quenched  Carbon  and  Quenched 
Alloy  Steel  Track  Bolts  with  Nuts  recommended  above  be  adopted  by 
the   Association. 

4.  That  these  two  specifications  for  track  bolts  be  inserted  in  the 
Manual  to   supersede  the  Track  Bolt   Specifications  now  in  the  Manual. 

Respectfully   submitted, 

COMMITTEE  ON  RAIL. 
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SPECIFICATIONS  FOR  QUENCHED  CARBON  AND  QUENCHED 

ALLOY    STEEL   JOINT    BARS. 
Access  to  Works. 

i.  Inspectors  representing  the  purchaser  shall  have  free  entry  to 
tlie  works  of  the  manufacturer  at  all  times  while  the  contract  is  being 
executed  and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  joint  bars  have  been  made  in 
accordance  with  the  terms  of  the  specifications. 
Place  for  Tests. 

2.  All  tests  and  inspection  shall  be  made  at  the  place  of  manufacture, 
prior  to  loading,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the  mill. 

Rejection   at    Destination. 

3.  Joint  bars  which  show  injurious  defects  subsequent  to  their  ac- 
ceptance at  the  place  of  manufacture  or  sale  will  be  rejected  and  returned 
to   the   manufacturer,   who   must   pay  the   freight  charges   both   ways. 

Material. 

4.  Material  for  joint  bars  shall  be  steel  made  by  the  Open-Hearth 
process  or  an  acceptable  alloy  steel. 

Chemical   Properties. 

5.  The  chemical  composition  of  each  melt  of  steel  from  which  joint 
bars   are   manufactured   shall  lie   within   the   following  limits: 

Carbon,  per  cent 0.42  to  0.55 

Phosphorus,  per   cent.,   maximum O.04 

Note. — In  the  event  of  nickel  and  chromium  being  present  to  the 
extent  of  1.00  per  cent,  and  0.35  per  cent.,  respectively,  these  elements 
will  be  considered  as  the  equivalent  of  0.07  per  cent,  of  carbon  in  the 
above   requirements. 

6.  The  manufacturer  shall  furnish  the  inspector  a  complete  report 
of  ladle  analysis,  showing  carbon,  manganese,  phosphorus  and  sulphur 
content  of  each  melt  represented  in  the  finished  material.  The  pur- 
chaser may  make  check  analysis  from  the  finished  material :  such  analysis 
shall  conform  to  the  requirements  of   Section  5. 

Physical    Properties   and   Tests. 

7.  Joint  bars  shall  conform  to  the  following  physical  requirements : 

Quenched      Alloy 
Steel.  Steel. 

(a)  Tensile  strength,  lbs.  per  sq.  in.,  minimum.     100,000      110,000 

(b)  Yield  point,  lbs.  per  sq.  in.,  minimum 70.000        85,000 

(c)  Elongation,   per   cent,   in   2   inches,   not   less 

1 ,600,000 


than 


Minimum.  T2  per  cent. 
Reduction  in  area,  per 
Minimum,  25  per  cent. 


Ten.  Str. 


t  i\   n  a     l'  .   1         .1  3.S00.000 

( (1 )    Reduction  in  area,  per  cent.  1 1 « ►  t   less  than..— 

Ten.  Str. 
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(e)  Cold  bending  of  the  quenched  bar  without  sign  of  fracture 
on  the  outside  of  the  bent  portion  through  go  degrees 
around  an  arc.  the  diameter  of  which  is  three  times  the 
thickness   of  the   test   piece. 

8.  All  test  pieces  shall  be  cut  t'n  mi  finished  bars. 

(a)  The  tension  test  specimens  shall  lie  about  4Ta  inches  long  with 
threaded  or  unthreaded  ends,  and  with  the  central  2-inch  length  turned 
to  a  ^-inch  diameter,  in  accordance  with  the  form  and  dimensions  for 
tension  test  pieces  of  the  American    Society    for   Testing  Materials. 

(b)  The  bend  test  specimens  shall  be  '  2-inch  square  in  section  or  a 
rectangular  bar  ^-inch  thick  with  two  parallel  faces  as  rolled. 

(c)  The  yield  point  to  be  determined  by  strain  gage. 

Quenching. 

9.  (a)  Joint  bars  shall  be  quenched  in  oil,  or  water  if  so  specified, 
from  a  temperature  of  about  810  degrees  Centigrade  (1490  degrees  Fahren- 
heit) and  shall  be  kept  in  the  bath  until  cold  enough  to  be  handled.  A 
group  thus   treated  is  known   as   a  quenching  charge. 

(b)  Material  which  requires  quenching  in  water  will  be  acceptable 
at  the  option  of  the  purchaser,  provided  it  meets  the  requirements  of 
the  specification  in  all  other  respects. 

General    Requirements. 

10.  Joint  bars  shall  be  rolled  to  dimensions  specified  in  drawing 
furnished  by  the  purchaser.  No  variation  will  be  allowed  in  the  dimen- 
sions affecting  the  fit  and  the  fishing  spaces  of  the  rail.  The  maximum 
camber  in  either  plane  shall  not  exceed  1/32-inch  in  24  inches. 

ir.  Joint  bars  shall  be  sheared  to  the  length  prescribed  by  the  pur- 
chaser and  shall  not  vary  therefrom  by  more  than   ^-inch. 

12.  (a)  All  joint  bars  shall  lie  punched,  slotted  and  shaped  at  a 
temperature  of  not  less  than  800  degrees  Centigrade  (  1470  degrees 
Fahrenheit ). 

(b)  All  bolt  holes  shall  lie  punched  in  one  operation  without  bulging 
or  distorting  the  section,  and  the  bar>  shall  be  slotted  when  required 
for  spikes  in  accordance  with  the  purchaser's  drawing,  the  slotting  being 
done  in  one  operation.  A  variation  of  1  32-inch  in  location  of  the  holes 
will   be   allowed. 

13.  All  types  of  joint  liars  must  be  finished  smooth  and  true  with- 
out swelling  over  or  under  the  bolt  holes,  and  must  be  free  from  flaws, 
seams,  checks  or  fin<.     The   fishing  angles  must   be   fully  maintained. 

Branding. 

14.  The  rolled  bar  shall  be  branded  or  marked  for  identification  in 
the  following  manner  and  a  p  irtion  of  this  marking  shall  appear  on 
each   finished  joint  bar. 

(a)  A  portion  of  the  name  of  the  manufacturer,  the  year  of  manu- 
facture, the  numbered  design  and  the  kind  of  material  shall  lie  rolled 
in    raised    letters    and    figures    on    the    outside    of    the    bars. 

(b)  The  letters  "0  H"  shall  be  used  to  indicate  "Open-Hearth  Steel." 
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(c)  The  letter  "Q"  shall  be  used  to  show  that  the  joint  bars  have 
been  "quenched."  If  the  joint  bars  are  also  tempered,  the  letters  "QT" 
shall  be  used  to  show  that  they  have  been  "quenched  and  tempered." 

(d)  The  number  of  the  melt  shall  be  plainly  stenciled  on  each  lot 
of  bars. 

Inspection. 

15.  The  joint  bars  from  each  melt  or  heat  treatment  lot  shall  be 
piled  separately  until  tested  and  inspected  by  the  inspector.  One  joint 
bar  for  tension  test  shall  be  selected  by  the  inspector  for  each  melt 
or  heat  treatment  lot  represented  in  finished  bars.  One  joint  bar  for 
bend  test  shall  be  selected  by  the  inspector  for  each  lot  of  1000  bars 
or  less  presented  or  from  each  heat  treatment  lot. 

SPECIFICATIONS  FOR  QUENCHED  CARBON  AND  QUENCHED 
ALLOY   STEEL  TRACK  BOLTS  WITH  NUTS. 

Access  to   Works. 

1.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  the 
works  of  the  manufacturer  at  all  times  while  the  contract  is  being  exe- 
cuted and  shall  have  all  reasonable  facilities  afforded  them  by  the  manu- 
facturer to  satisfy  them  that  the  bolts  and  nuts  have  been  made  in 
accordance  with  the  terms  of  the  specifications. 

Place  for  Tests. 

2.  All  tests  and  inspection  shall  be  made  at  the  place  of  manufacture, 
prior  to  loading,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the  mill. 

Rejection  at  Destination. 

3.  Bolts  and  nuts  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  place  of  manufacture  or  sale  will  be  rejected  and 
returned  to  the  manufacturer,  who  shall  pay  the  freight  charges  both 
ways. 

Material. 

4.  Material  for  bolts  shall  be  made  by  the  Open-Hearth  process 
or  an  acceptable  alloy  steel.  Material  for  the  nuts  shall  be  soft,  un- 
treated steel. 

Chemical  Properties. 

5.  The  chemical  composition  of  each  melt  of  steel  from  which 
track  bolts  are  manufactured  shall  be  within  the  following  limit : 

Phosphorus,  per  cent,  maximum 0.04 

6.  The  manufacturer  shall  furnish  the  inspector  a  complete  report 
of  ladle  analysis  showing  carbon,  manganese,  phosphorus  and  sulphur 
content  of  each  melt,  represented  in  the  finished  material.  The  purchaser 
may  make  a  check  analysis  from  the  finished  material;  such  analysis 
shall  conform  to  the  requirements  of  Section  5.     The  drillings  for  check 
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analysis    shall    be    taken   parallel    to    the    axis    and    from    the    end    of    the 

finished  bolt. 

Physical  Properties  and  Tests. 

7.  Track  bolts  shall  conform  to  the  following  physical  requirements  : 

Carbon  Alloy 

Steel.  Steel. 

(a)  Tensile  strength,  lbs.  per  sq.  in.,  minimum.    100,000  110,000 

(b)  Yield  point,  lbs.  per  sq.  in.,  minimum 70.000  85,000 

(c)  Elongation,   per  cent,   in  2  inches,  not  less 

,  1,600,000 

Ten.  Str. 
Minimum,  12  per  cent. 

(d)  Reduction  in  area,  per  cent,  not  less  than..— — '— — 

Ten.  Str. 
Minimum,  25  per  cent. 

(e)  Cold  bending  of  the  unthreaded  portion  of  the  finished  bolt 

without  fracture  on  the  outside  of  the  bent  portion  through 
go  degrees  around  an  arc,  the  diameter  of  which  is  three 
times  the  thickness  of  the  test  piece. 

8.  All  test  specimens  shall  be  from  the  finished  bolts. 

(a)  The  tension  test  specimens  shall  be  about  4'4  inches  long  with 
threaded  or  unthreaded  ends,  and  with  the  central  2-inch  length  turned 
to  a  ^-inch  diameter,  in  accordance  with  the  form  and  dimensions  for 
tension  test   pieces   of   the   Americin   Society    for   Testing  Materials. 

(b)  The  yield  point  shall  be  determined  by  the  strain  gage. 
Quenching. 

9.  (a)  Track  bolts  shall  be  treated  by  quenching  in  oil  or  water, 
if  so  specified,  from  a  temperature  of  about  810  degrees  Centigrade 
(1490  degrees  Fahrenheit)  and  shall  be  kept  in  the  bath  until  cold  enough 
to  be  handled;  a  group  thus  treated  being  known  as  a  quenching  charge. 

(b)   Material  which   requires  quenching  in  water  will   be   acceptable 
at  the  option  of  the  purchaser,  provided  it  meets  the  requirements  of  the 
specification  in  all  other  respects. 
General   Requirements. 

10.  Track  bolts  and  nuts  shall  be  made  to  dimensions  specified  in 
drawing  furnished  by  the  purchaser  with  allowable  variations  in  dimen- 
sions of  bolts  from  standard  as  follows: 

Length,  J^-inch ; 

Diameter  of  shank,  1/64-inch ; 

Shoulder,  1/64-inch ; 

Diameter  of  rolled  thread  not  more  than  1/16-inch  over  the  diameter 
of  the  body  of  %-inch  bolts ; 

Diameter  of  rolled  thread  not  more  than  3/32-inch  over  the  diameter 
of  the  body  of  i-inch  bolts; 

Variation  in  dimensions  of  elliptical  shoulders  under  head  of  bolt 
of   1/32-inch. 

11.  The  heads  and  nuts  shall  be  free  from  checks  or  burrs  of  any 
kind.  All  finished  pieces  must  be  smooth,  straight,  of  uniform  size,  with 
well-shaped  symmetrical  bends  and  well-filled  heads,  free  from  injurious 
mechanical  defects,  and  be  finished  in  a  first-class  workmanlike  manner. 
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The  head  shall  be  concentric  with  and  firmly  joined  to  the  bottom  of 
the  bolt  with  the  underside  of  the  head  at  right  angles  to  the  body  of 
tbe  bolt.  The  threads  on  the  bolts  shall  be  rolled,  unless  otherwise 
specified,  shall  be  full  and  clean  and  shall  be  made  in  section  and  pitch 
according  to  the  purchaser's  standard.  The  fit  between  threads  on  the 
bolt  and  nut  shall  be  accurate  and  nut  shall  go  on  with  a  10-inch  wrench 
from  second  to  fifth  turn.  The  force  to  turn  the  nut  completely  on  the 
bolt  with  a  24-inch  wrench  shall  not  be  more  than  60  nor  less  than  40  lbs. 

12.  (a)  The  nuts  shall  be  made  of  soft  untreated  steel  and  shall 
be  *4-inch  thicker  than  the  standard  nuts  used  for  untreated  bolts.  They 
shall  be  of  sufficient  strength  to  develop  the  ultimate  breaking  strength 
of  the  bolts. 

(b)  Nuts  of  standard  thickness  will  be  accepted  at  the  option  of  the 
purchaser  if  proved  to  be  of  sufficient  strength  to  equal  the  ultimate 
breaking  strength  of  the  bolts.  The  length  of  tbe  bolts  shall  be  corre- 
spondingly reduced. 

Branding. 

13.  The  beads  of  the  bolts  must  bear  the  manufacturer's  identifica- 
tion symbol.  The  letter  "Q"  shall  be  used  to  show  that  the  bolts  have 
been  "quenched."  If  the  bolts  are  also  tempered,  the  letter  "QT'*  shall 
be  used  to  show  that  they  have  been  '■quenched  and  tempered." 

Marking  and  Shipping. 

14.  When  the  bolts  are  shipped  they  shall  have  the  nuts  applied  for 
at  least  two  threads,  and  shall  be  packed  in  securely  hooped  kegs  of  200 
lbs.  net.  All  kegs  must  be  plainly  marked  as  to  material,  size  of  bolts 
and  name  of  manufacturer. 

Inspection. 

15.  Tension  and  bend  tests  shall  be  made  of  the  test  pieces  selected 
by  the  inspector  from  each  lot  of  50  kegs.  One  piece  shall  be  selected 
for  each  test,  and  if  it  meets  the  requirements  of  the  specification,  the 
lot  will  be  accepted.  If  the  test  piece  fails,  two  additional  pieces  shall 
be  tested  in  the  same  manner  as  the  one  which  failed,  and  if  they  meet 
the  requirements  of  the  specification,  the  lot  will  be  accepted.  If.  how- 
ever, either  one  of  the  pieces  fails,  the  lot  will  be  rejected.  Both  tension 
and   bend   tests   must  pass   the   requirements    for    acceptance. 

SPECIFICATIONS  FOR  MEDIUM  CARBON  STEEL  TRACK 
BOLTS  WITH  NUTS. 
Access  to   Works. 

1.  Inspectors  representing  the  purchaser  shall  have  free  entry  to  the 
works  of  the  manufacturer  at  all  times  while  the  contract  is  being  exe- 
cuted and  shall  have  all  reasonable  facilities  afforded  them  by  the 
manufacturer  to  satisfy  them  that  the  holts  and  nuts  have  been  made 
in  accordance  with   tbe  terms  of   (lie  specifications. 
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Place  for  Tests. 

2.  All  tests  and  inspection  shall  be  made  at  the  place  of  manu- 
facture, prior  to  loading,  and  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  mill. 

Rejection   at   Destination. 

3.  Bolts  and  nuts  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  place  of  manufacture  or  sale  will  be  rejected  and 
returned  to  the  manufacturer,  who  shall  pay  the  freight  charges  both 
ways. 

Material. 

4.  Material  fur  bolts  shall  be  steel  made  by  the  Open-Hearth  or 
Bessemer   process.     Material    for   nuts   shall   be  of   soft   steel. 

Chemical   Properties. 

5.  The  chemical  composition  of  each  melt  of  steel  from  which 
track  bolts  are  manufactured  shall  be  within  the  following  limits: 

Phosphorus.  Maximum.  Per  Cent. 

Open-Hearth     0.05 

Bessemer    0.10 

6.  The  manufacturer  shall  furnish  the  inspector  a  complete  report 
of  ladle  analysis  showing  carbon,  manganese,  phosphorus  and  sulphur 
content  of  each  melt  represented  in  the  finished  material.  The  purchaser 
may  make  a  check  analysis  from  the  finished  material;  such  analysis 
shall  conform  to  the  requirements  in  Section  5.  The  drillings  for  check 
analysis  shall  be  taken  parallel  to  the  axis  and  from  the  end  of  the 
finished  bolt. 

Physical   Properties  and  Tests. 

7.  Track  bolts  shall  conform  to  the  following  physical  requirements  : 

(a)  Tensile  strength,  lbs.  per  sq.  in.,  minimum 55.000 

(b)  Yield  point  not  less  than  50  per  cent,  of  the  ultimate 
•  breaking  stress   

(c)  Elongation,  per  cent,  in  2  inches,  not  less  than — — ! . 

Ten.  Str. 
Minimum,  20  per  cent. 

f d)   Reduction  in  area  not  less  than. 2,200,000 

Ten.  Str. 
Minimum.  30  per  cent. 
(e)   Cold  bending  of  the  unthreaded  part  of  the  finished  bolt  with- 
out  sign   of    fracture   on   the   outside   of   the   bent   portion, 
through  180  degrees  flat  on  itself. 

8.  All  test  specimens  shall  be  from  the  finished  bolts. 

(a)  The  tension  test  specimens  shall  be  about  4%  inches  long  with 
threaded  or  unthreaded  ends,  and  with  the  central  2-inch  length  turned 
to  a  i^-inch  diameter,  in  accordance  with  the  form  and  dimensions  for 
tension  test  pieces  of  the  American  Society  for  Testing  Materials. 
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General   Requirements. 

9.  Track  bolts  and  nuts  shall  be  made  to  dimensions  specified  in 
drawing  furnished  by  the  purchaser,  with  allowable  variation  in  dimen- 
sions of  bolts  from  standard  as  follows : 

Length,  ^5-inch ; 

Diameter  of  shank,  1/64-inch ; 

Shoulder,  1/64-inch; 

Diameter  of  rolled  thread  not  more  than  1/16-inch  over  the  diameter 
of  the  body  of  <^-inch  bolts ; 

Diameter  of  rolled  thread  not  more  than  3/32-inch  over  the  diameter 
of  the  body  of  I -inch  bolts; 

Variation  in  dimensions  of  elliptical  shoulders  under  head  of  bolt 
of   1/32-inch. 

10.  The  heads  and  nuts  shall  be  free  from  checks  or  burrs  of  any 
kind.  All  finished  pieces  must  be  smooth,  straight,  of  uniform  size, 
with  well-shaped  symmetrical  bends  and  well-filled  heads,  free  from 
injurious  mechanical  defects,  and  be  finished  in  a  first-class  workmanlike 
manner.  The  head  shall  be  concentric  with  and  firmly  joined  to  the 
bottom  of  the  bolt,  with  the  underside  of  the  head  at  right  angles  to 
the  body  of  the  bolt.  The  thread  on  bolts  shall  be  rolled,  unless  other- 
wise specified,  shall  be  full  and  clean  and  shall  be  made  in  section  and 
pitch  according  to  the  purchaser's  standard.  The  fit  between  threads 
on  the  bolt  and  nut  shall  be  accurate  and  nut  shall  go  on  with  a  10-inch 
wrench  from  second  to  fifth  turn.  The  force  to  turn  the  nut  completely 
on  the  bolt  with  a  24-inch  wrench  shall  not  be  more  than  60  nor  less 
than  40  lbs. 

11.  The  nuts  shall  be  made  of  soft,  untreated  steel  and  shall  be 
of  sufficient  strength  to  develop  the  ultimate  breaking  strength  of  the 
bolts. 

Branding. 

12.  Manufacturer's  identification  shall  appear  on  the  head  of  each 
bolt. 

Marking  and  Shipping. 

13.  When  the  bolts  are  shipped  they  shall  have  the  nuts  applied 
for  at  least  two  threads  and  shall  be  packed  in  securely  hooped  kegs  of 
200  lbs.  net.  All  kegs  must  be  plainly  marked  as  to  material,  size  of 
bolts  and  name  of  manufacturer. 

Inspection. 

14.  Tension  and  bend  tests  shall  be  made  of  the  test  pieces  selected 
by  the  inspector  from  each  lot  of  50  kegs.  One  piece  shall  be  selected 
for  each  test,  and  if  they  meet  the  requirements  of  the  specifications 
the  lot  will  be  accepted.  If  one  of  the  test  pieces  fails,  two  additional 
pieces  shall  be  tested  in  the  same  manner  as  the  one  which  failed,  and 
if  they  meet  the  requirements  of  the  specifications,  the  lot  will  be 
accepted.  If,  however,  either  one  of  the  pieces  fails,  the  lot  will  be 
rejected.  Both  tension  and  bend  tests  must  pass  the  requirements  for 
acceptance. 


Appendix  B. 

RAIL  FAILURE  STATISTICS  FOR  1914. 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  deals  with  the  statistics  of  rail  failures  collected  for  the 
year  ending  October  31,  1914,  furnished  by  various  railroads  of  the 
United  States  in  response  to  a  circular  sent  out  by  the  American  Railway 
Association.  The  information  furnished  by  each  railroad  showed  the 
number  of  tons  laid  of  each  year's  rolling  from  each  mill  and  the  total 
number  of  failures  that  occurred  in  each  year's  rolling  from  the  date  laid 
until  October  31,   1914. 

The  failures  were  divided  into  four  classes,  namely,  head,  web,  base 
and  "broken."  They  were  reported  by  the  railroads  on  American  Rail- 
way Engineering  Association  from  M.  W.  408,  as  revised  in  1913  and 
shown  in  the  Proceedings  for  1914,  Vol.  15,  after  page  336.  It  is  the 
same  form  that  was  used  for  collecting  the  statistics  for  1913  and  shown 
in  the  report  covering  that  year.  The  reports  cover  rollings  for  1909 
and  succeeding  years,  and  the  ages  of  the  rollings  would  average  in  the 
track  about  the  years  shown  below : 

1909—5  years. 

1910 — 4  years. 

1911—3  years. 

1912—2  years. 

1913—1    year 

1914 — Several    months. 

One  important  purpose  of  these  records  is  to  show  which  rollings 
were  defective  and  as  most  of  the  badly  defective  rails  cause  failures 
within  a  few  years  after  being  laid  in  track,  the  record  was  closed  with 
a  rail  age  of  five  years. 

The  tonnages  of  rail  represented  by  the  statistics  in  this  report  are 
shown  below : 

Year 

Rolled  Bessemer  Open- Hearth  Total 

1909    421,210  514,302  935.512 

1910    559,708  842,895  1,402,603 

1911    233,270  630,694  863,954 

1912    95,666  997,078  1,092,744 

1913    72,496  1,202,060  1,274,556 

1914    20,779  672,564  693,343 

The   failures  were  tabulated  with   reference  particularly  to  the  per- 
formance of  the  rails  made  by  the  different  mills  and  were  classified  suc- 
cessively   in    the    following    order:    kind    of    steel    (Bessemer    or    Open- 
Rail  Report  No.   48,  March,  1915. 
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Hearth),   mill,  year   rolled,   weight  per  yard,   section  and  railroad.     The 
totals  were  figured  for  the  groups  by  year  rolled. 

Lots  of  less  than  1,000  tons — that  is,  less  than  1,000  tons  in  any 
one  year's  rolling,  were  excluded  from  the  tabulation,  as  they  would 
unnecessarily  extend  the  tables  and  not  materially  change  the  group  to- 
tals and  averages.  The  method  of  compiling  the  statistics  was  to  make 
prints  (generally  blue-line  whiteprints)  of  the  reports  submitted  by  the 
different  railroads,  after  seeing  that  all  the  lines  were  fully  filled  out, 
and  then  cutting  them  up  along  the  horizontal  lines  with  a  large  card- 
cutter  or  trimming-board.  These  strips  constituted  the  units  in  the  tables, 
and  after  sorting  in  suitable  order  and  collecting  into  the  desired  groups, 
the  information  was  transcribed  on  a  typewriter  into  tables,  from  which 
zinc  cuts  were  made  for  printing  in  the  report.  The  tabulation  this  year 
is  limited  to  a  classification  by  mills.  It  had  been  desired  to  make  some 
other  classifications,  particularly  a  geographical  one,  but  these  were 
omitted  for  lack  of  sufficient  appropriation  for  the  work.  For  the  same 
reason  we  have  continued  to  use  "failures  per  10,000  tons"  as  the  unit 
of  comparison,  instead  of  recalculating  to  "failures  per  100  track  miles," 
as  we  had  expected  to  do.  (Since  the  above  was  written,  the  tables  have 
been  calculated  to  "Failures  per  100  Track  Miles,"  and  Table  1A  is  given 
herewith  showing  the  summary  for  the  various  mills  and  years  rolled. 
The  average  weights  per  yard  are  also  given  as  Table  IB.) 

FAILURES    CLASSIFIED    BY    MILLS. 

The  detail  tabulations  by  mills  and  years  rolled  are  given  in  Table  5, 
Sheets  1  to  15  inclusive.  A  condensed  table  showing  the  failures  of  each 
year's  rolling  of  each  mill  is  given  as  Table  1.  First,  it  is  interesting  to 
note  from  this  table  the  comparative  performance  of  Bessemer  and  Open- 
Hearth  rails  for  the  several  years'  rollings.  Figuring  the  failures  per 
10,000  tons  of  Open-Hearth  rails  as  100  for  each  of  the  years  1909, 
1910,  1911  and  1912,  the  relative  number  of  failures  of  Bessemer  rails, 
together  with  the  failures  per  10,000  tons,  is  shown  below  : 

FAILURES  OF  BESSEMER  AND  OPEN-HEARTH  COMPARED. 

Year                    Years  Failures  per  10,000  Tons  Comparative  Failures 

Rolled                 Service  Open-Hearth       Bessemer  Open-Hearth    Bessemer 

1909    5  141.7                     268.7  100                     190 

1910    4  76.3                     158.5  100                     208 

1911    3  58.8                     113.4  100                     193 

1912    2  20.1                       44.4  100                     221 

The  rails  for  1913  and  1914  are  not  included  in  this  comparison,  as 
they  are  probably  too  young  for  reliable  comparison.     It  will  be  noted 
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that  the  failures  per  10,000  tons  of  Bessemer  rails  were  about  two  times 
those  of  Open-Hearth  rails. 

RANKING    OF    MILLS. 

In  order  to  show  more  conveniently  the  relative  number  of  failures 
from  each  of  the  mills  and  to  show  the  ranking  of  the  mills  as  regards 
the  failure  performance  of  the  rails  rolled  by  them,  table  2  has  been  pre- 
pared. Taking  the  average  number  of  failures  per  10,000  tons  of  all 
the  mills  in  any  year's  rolling  as  100,  the  relative  number  of  failures  of 
each  of  the  mills  is  shown  for  the  years  1909,  1910,  1911  and  1912.  The 
later  rollings  are  not  included  because  of  being  too  young.  The  rank 
of  each  mill  is  also  shown  for  each  year's  rolling. 

COMPARISON    WITH   PREVIOUS   YEAR. 

One  important  purpose  of  these  statistics  is  to  enable  comparisons 
to  be  made  of  the  performance  of  rail  rolled  from  year  to  year,  and  tables 
3  and  4  are  given,  showing  the  general  records  for  the  years  1913  and 
1914,  one  table  for  Bessemer  rails  and  the  other  for  Open-Hearth  rails. 
The  final  comparison  is  made  on  the  basis  of  five  years'  service,  but 
before  the  closing  of  the  record  of  any  year's  rolling,  a  comparison 
can  be  made  on  the  performance  of  a  less  number  of  years  in  service. 
In  general,  the  figures  in  these  tables  are  consistent  among  themselves, 
but  the  1912  rolling  of  Bessemer  rails  by  the  Illinois  Steel  Co.  is  a  notable 
exception,  as  this  showed  less  failures  per  10,000  tons  for  two  years' 
service  than  for  one  year.  A  comparison  of  this  year's  record  with  last 
year's  shows  the  discrepancy  in  this  case  to  be  due  to  the  absence,  this 
year,  of  the  record  of  the  C.  &  N.  W.  Ry.,  which  showed  a  large  num- 
ber  of    failures    for   this    rolling. 

The  records  are  closed  for  the  1908  and  1909  rollings.  The  1909 
rails  showed  as  a  general  average  for  all  mills,  a  lower  rate  of  fail- 
ures than  the  1908  rails,  and  it  is  gratifying  to  note  that  the  later  roll- 
ings also  show  a  tendency  toward  continued  improvement  as  a  general 
average. 

SUMMARY. 

1.  Statistics  are  given  of  rail  failures  collected  for  the  year  ending 
October  31,  1914,  furnished  by  various  railroads  of  the  United  States 
in  response  to  a  circular  sent  out  by  the  American  Railway  Association. 
The  information  furnished  by  each  railroad  showed  the  number  of  tons 
laid  of   each  year's   rolling   from   each   mill,   and   also   showed   the   total 
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number  of   failures  that  occurred  in   each  year's  rolling  from   the  date 
laid  until  October  31,  1914. 

2.  The  basis  of  comparison  is  the  number  of  failures  per  10,000 
tons  laid  that  occurred  in  each  year's  rolling  from  date  laid  until  Oc- 
tober 31,  1914.    The  average  failures  per  100  track  miles  are  also  given. 

3.  As  a  general  average,  the  failures  per  10,000  tons  of  Bessemer 
rails  were  about  two  times  those  of  Open-Hearth  rails. 

4.  A  table  is  given  showing  the  ranking  of  the  mills  as  regards 
rate  of  rail  failures  for  the  rollings  of  the  years  1909,  1910,  1911  and 
1912. 

5.  A  comparison  with  last  year's  statistics  indicates,  as  a  general 
average  of  all  the  mills,  a  gradual  decrease  in  the  rate  of  rail  failures 
of  rollings  for  the  successive  years  since  1908,  with  which  year's  rolling 
the  records  started. 


Table 

IB 

AVERAGE  WEIGHTS  OF 
Compiled  from  Tonnages  Used 

=tALLS 
Ln  Tbis 

Report 

Mill 

1909 

1910 

1911 

1912 

1913 

1914 

I 

JESSEMEI 

i  RAIL 

Cambria 

Carnegie 

Illinois 

Lackawanna 

Maryland 

91.9 
91.7 
86.5 
89.3 
87.4 

95.1 
90.2 
88.0 
87.9 
88.6 

88.0 
92.1 
83.0 
91.3 
91.0 

87.8 
100.0 
77.3 
89.6 
92.3 

86.5 
96.3 
88.0 
90.0 
98.7 

85.0 
100.0 

90.0 
94.2 

Average 

88.6 

88.9 

89.5 

90.6 

95.7 

93.4 

0] 

>EH  HEAI 

;th  rai 

L 

Betlilehem 

Cambria 

Carnegie 

Colorado 

Illinois 

Lackawanna 

Maryland 

Pennsylvania 

Tennessee 

91.2 
90.6 
93.5 
88.6 
89.9 
89.0 

92.3 
83.7 

90.9 
96.6 
88.9 
88.5 
90.0 
92.0 
85.6 
90.4 
85.4 

92.7 
91.7 
95.6 
89.0 
90.3 
90.6 
91.3 
97.0 
85.1 

94.2 
96.0 
95.1 
88.6 
91.1 
92.3 
87.1 
92.6 
86.8 

95.6 
90.6 
96.9 
89.0 
92.1 
94.7 
92.3 
96.7 
87.7 

95.7 
98.4 
97.0 
89.8 
92.6 
99.8 
91.3 
95.3 
88.3 

Average 

89.2 

89.2 

90.4 

91.4 

92.2 

92.5 
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Tab!  a 2_ 


Comparison  of  Failures  for  the  Different  Mills,  using  100 

as  the  Average 

of  Failures 

)f  all  Mills  for  Each  Year's 

Rolling. 

Mill 

19  0 

9 

19  10 

19  11 

19  12 

Relative 
Failures 

Rank 

Relative 
Failures 

Rank 

Relative 
Failures 

Rank 

Relative 
Failures 

Rank 

BESSEMER 

Maryland 

73.9 

3 

64.1 

1 

28.7 

1 

84.9 

2 

Illinois 

46.2 

2 

89.5 

3 

129.4 

4 

24.1 

1 

Lackawanna 

27.6 

1 

79.6 

2 

161.6 

5 

179.3 

4 

Cambria 

84.1 

4 

124.7 

4 

99.5 

3 

254.3 

5 

Carnegie 

322.3 

5 

160.0 

5 

76.2 

2 

104.5 

3 

OPEN  HEARTH 

Colorado 

17.4 

1 

21.8 

1 

37.8 

2 

146.3 

9 

Maryland 

- 

- 

101.9 

4 

58.7 

3 

20.9 

1 

Tennessee 

45.0 

2 

46.8 

2 

32.0 

1 

119.9 

7 

Lackawanna 

59.4 

4 

81.8 

3 

68.2 

4 

69.2 

3 

Pennsylvania 

49.3 

3 

102.4 

5 

88.9 

5 

53.2 

2 

Carnegie 

66.1 

5 

105.8 

6 

123.3 

7 

102.5 

5 

Illinois 

109.8 

6 

126.6 

8 

112.6 

6 

80.6 

4 

Cambria 

161.7 

7 

117.8 

7 

148.8 

8 

137.8 

8 

Bethlehem 

261.8 

8 

224.6 

9 

227.9 

9 

107.5 

6 

HOTE.- 


These  figures  are  not  related  to  geographical  or  service 
conditions. 


fable  3 

PailureB  For  Various  Ages  Of  Rail 
Par  10,000  Tons  Laid. 

BESSEMER 

Tear 
Rolled 

Teare  Service 

0   I   1  I   2   I   3   I   4   1   5 

Oil   1  2   1   3   1   4   1   5 

ALGOMA 

CAMBRIA 

1908 

512.1 

94.2 

1909 

281.0 

222.6 

£26.0 

1910 

262.8 

139.0 

197.7 

1911 

266.3 

43.6 

112.8 

1918 

117  .1 

16.6 

L18.9 

1913 

- 

0.0 

3.0 

1914 

0.0 

A 

ILLIHOIS 

1908 

301.6 

364.8 

1909 

716.0 

866.0 

106.7 

124.2 

1910 

194.3 

254.6 

132.0 

141.9 

1913. 

57.6 

66.4 

79.9 

146.7 

1912 

12.2 

46.4 

»2.7 

10.7 

1913 

5.7 

10.4 

2.2 

2.2 

1914 

0.0 

_ 

LACEAfAHHA 

MAE 

auja 

1908 

338.3 

162.3 

1909 

38.4 

74.21 

194.9 

198.7 

1910 

87.8 

126.2 

76.2 

101.6 

1911 

162.2 

183.3 

21.5 

32.5 

1912 

6.2 

79.6 

34.5 

37.7 

1913 

0.0 

0.0 

0.6 

38.2 

1914 

0.0 

1   2.2 

j,  jul: 

.3 

1908 

302.1 

1909 

212.4 

268.7 

1910 

132.1 

158.5 

1911 

94.2 

113,4 

1912 

40,5 

44.4 

1913 

3.6 

19.3 

1914 

1.4 
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Tatla  4 


Falluree  Por  Various  Ages  Of  Pall 
Per  10,000  Tone  Laid. 

OEEH  HEARTH 

Year 
Rolled 

XfiflT"     RPTTT 

0     1       1       1     2      1      8      1      4     1      6 

0        I     1       1      2       1       3      1       4      1       6 

ALGOJO 

BETnT-iroi™ 

1908 

861.5 

360.6 

1909 

161*2 

325.3 

370.4 

1910 

808.6 

116.8 

171.4 

1911 

164.6 

77.0 

134.0 

1912 

92.9 

7.9 

21,6 

191Z 

- 

1.1 

8.8 

1914 

0.0 

iXl)i;U 

GAEHEGIE 

1908 

_ 

m 

1909 

172.1 

229.1 

70.5 

93.6 

1910 

66.1 

89.9 

65.4 

80.7 

1911 

60.9 

87.6 

47.7 

72.6 

1912 

11.8 

27.7 

8.3 

20^6 

1918 

6.0 

18.7 

1.6 

5.8 

1914 

1.1 

O.E 

-    : 

■OBASO 

DOWTmnn 

1908 

32*4 

L062.3 

1909 

16.1 

24.6 

204.1 

1910 

14.0 

16.7 

621.8 

1911 

11.8 

22.2 

184.9 

1912 

18.2 

29.4 

819.0 

1918 

0.9 

2.8 

• 

1914 

0.7 

ILLINOIS 

hie?  iw/.nr:i 

1908 

_ 

96.6 

1909 

107.6 

155.6 

71.6 

84.2 

1910 

62.2 

96.6 

29.7 

62.4 

1911 

46.6 

66.2 

20.6 

40.1 

1912 

6.1 

16.2 

8.8 

18.9 

1918 

0.8 

6.9 

1.4 

11.6 

1914 

0.6 

0.2 

M1HYLAHB 

VpiUHSYT.Y 

IHIA 

1908 

49.9 

1909 

• 

59.8 

69.9 

1910 

61.7 

77.8 

- 

67.4 

78.1 

1911 

28.0 

84.6 

22.9 

52.8 

1912 

7.6 

4.2 

8.7 

10.7 

1918 

0.6 

19.T 

0.7 

_6.8 

1914 

0.8 

1.6 

XEHHESSEE 

ALL  MIL1 

£ 

1908 

68.1 

268.9 

1909 

6,4 

68.8 

109.0 

141*1. 

1910 

24.8 

86.7 

67.6 

76.8 

1911 

11.6 

18.8 

87.4 

68.8 

1912 

6.6 

24,1 

16.4 

20.1 

1918 

1.1 

4.1 

1*2 

7.9 

1914 

1.2 

0.8 

RAIL  FAILURE  STATISTICS. 


503 


Table  5  - 

Sheet  1 

Total  Rail  Failure 

s  Prom  Date  Rolled  to  October  31st,  1914. 

' 

Lbs. 

Spec . 

Failures 

Tear 
Foiled 

Per 
Yard 

Sect'n 

Carbon 
Mini  Mai: 

Tons 
Laid 

Tot 

»1  F< 

li lures  To 

Date 

Per  10  11 

Tons 

Railroad 

Head 

Web  I  Base 

Brkn 

Total 

Bessemer-  -  CA1IBRIA  STEEL  COMPANY 

1909 

65 

ASCE 

.43 

.53 

1,338 

2 

1 

- 

10 

13 

97.2 

Southern 

85 

P.S. 

.45 

.55 

2,223 

2 

2 

2 

8 

14 

62.9 

G.B.&I. 

85 

P.S. 

.46 

.65 

4,919 

34 

16 

2 

9 

61 

124.0 

P.R.R. 

90 

ARA-B 

.45 

.56 

2,833 

216 

13 

7 

63 

299 

1055.4 

B.&O. 

90 

AEA-B 

- 

.50 

1,210 

4 

- 

- 

3 

7 

67.9 

H.V. 

90 

ASCE 

- 

- 

2,400 

22 

2 

1 

- 

25 

104.2 

K.&M. 

100 

P.S. 

.45 

.55 

9,925 

89 

23 

- 

30 

142 

143.1 

P.R.R. 

Totals 

24.848 

369 

57 

12 

•123 

561 

226.0 

1910 

86 

P.S. 

.45 

.55 

1,713 

- 

2 

- 

15 

17 

99.2 

G.R.&I. 

85 

P.S. 

.46 

.55 

1,607 

3 

6 

- 

2 

11 

68.5 

P.R.R. 

90 

ARA-B 

.45 

.55 

4,180 

86 

14 

1 

57 

158 

378.0 

B.&O. 

90 

ASCE 

.50 

.60 

2,000 

7 

- 

2 

11 

20 

100.0 

P.fcR. 

100 

AEA-B 

.46 

.56 

2,110 

51 

2 

1 

14 

68 

322.2 

•B  .&0 . 

100 

P.S. 

.45 

.55 

11,217 

112 

25 

- 

26 

163 

145.8 

P.R.R. 

100 

P.S. 

.45 

.55 

2,015 

33 

7 

- 

14 

54 

268.0 

Pa.-S.W. 

Totals 

24,842 

292 

56 

4 

139 

491 

197.7 

1911 

85 

ASCE 

,43 

.63 

2,989 

17 

1 

4 

4 

26 

87.0 

Southern 

90 

ASCE 

,43 

.53 

6,780 

67 

3 

2 

1 

73 

126.3 

K.&M. 

Totals 

8,769 

84 

4 

6 

5 

99 

112.8 

1912 

85 

P.S. 

.45 

.55 

1,002 

- 

- 

- 

1 

1 

10.0 

G.R.&I. 

85 

P.S. 

.46 

.55 

1,162 

4 

1 

1 

3 

9 

77.0 

Pa.-N.W. 

90 

ASCE 

.43 

,63 

2,863 

33 

- 

- 

- 

33 

115.3 

K.&M. 

Totals 

5,027 

37 

1 

1 

4 

43 

112.9 

1913 

65 

ASCE 

.43 

.53 

2,298 

- 

1 

1 

4.4 

Southern 

90 

ASCE 

.43 

.53 

1,087 

- 

- 

- 

- 

0 

0.0 

K.&M. 

Totals 

3,385 

- 

1 

_ 

- 

1 

3.0 

1914 

85  fASCE 

.43 

.53 

1.544 

- 

- 

- 

- 

0 

0.0 

Southern 

Bess 

emer  -  C) 

LRNEG 

LE  S' 

1TEEL 

30MPAI 

ra 

1909 

75 

M.P. 

_ 

_ 

2,143 

10 

5 

_ 

9 

24 

112.0 

St.L.S.W. 

85 

ASCE 

- 

- 

1,060 

8 

- 

- 

- 

8 

75.6 

C  .H  .&D . 

85 

ASCE 

- 

- 

4,000 

- 

- 

- 

0 

0.0 

C.fcO. 

85 

D&RG 

- 

.48 

10,027 

257 

6 

- 

43 

306 

305.2 

D.fcR.G. 

85 

P.S. 

.45 

.55 

1,966 

260 

13 

4 

14 

291 

1480.2 

Pa.-S.W. 

85 

P.S. 

.45 

.55 

4,109 

1064 

114 

12 

61 

1261 

3045.0 

Pa.-H.W. 

90 

ARA-B 

.45 

.55 

16,584 

2732 

72 

11 

115 

2930 

1766.7 

B.&O. 

90 

ARA-B 

- 

.50 

1,050 

158 

16 

7 

24 

206 

1952.4 

H.V. 

90 

ASCE 

.46 

.55 

5,077 

818 

31 

15 

120 

984 

1938.1 

Erie 

100 

ARA-A 

.46 

.56 

2,120 

91 

2 

3 

2 

98 

462.2 

B.&O. 

100 

ARA-A 

.46 

.55 

1,535 

169 

10 

- 

5 

184 

1198.6 

Pa.-S.W. 

100 

ARA-B 

.50 

.60 

3,150 

26 

6 

- 

47 

79 

250.8 

B.&L.E. 

100 

ARA-B 

.48 

.58 

5,886 

5 

11 

9 

12 

37 

62.9 

P.&L.E. 

100 

ARA-B 

.48 

.68 

4,147 

13 

4 

- 

17 

34 

82.0 

P.&L.E.* 

100 

P.S. 

.45 

.60 

9,514 

177 

27 

7 

98 

309 

325.0 

Pa.-H.W. 

100 

P.S. 

.45 

.56 

6.612 

71 

13 

- 

27 

111 

167.9 

Pa.-S.W. 

Totals 

78,980 

5859 

330 

68 

594 

6851 

866.0 

1910 

80 

ASCE 

.45 

.65 

1,349 

27 

4 

- 

2 

33 

244.6 

P.&L.E. 

85 

ASCE 

- 

- 

4,540 

6 

- 

- 

2 

8 

17.6 

C.H.&L. 

85 

P.S. 

.45 

.66 

8,746 

38 

4 

- 

10 

52 

60.0 

Pa.-H.W. 

85 

P.S. 

.45 

.55 

27,637 

663 

78 

19 

116 

876 

317.0 

Pa .  -S  .W . 

85 

P.S. 

.45 

.55 

3,484 

16 

2 

1 

8 

27 

77.5 

Vandalia 

90 

ARA-A 

.45 

.55 

3,175 

79 

16 

25 

140 

260 

818.9 

B.&0. 

90 

ARA-B 

.45 

.55 

13,679 

404 

34 

7 

148 

593 

433.5 

B  .40 .  ■ 

90 

ARA-B 

.45 

.55 

11,758 

288 

31 

8 

31 

358 

304.5 

H.P. 

90 

ASCE 

.45 

.55 

8,343 

162 

28 

16 

88 

288 

345.1 

Erie 

90 

ASCE 

.50 

.60 

1,300 

14 

2 

- 

6 

22 

169.2 

P.&R. 

90 

ASCE 

.46 

.56 

1,200 

20 

1 

_ 

12 

33 

275.0 

W.&L.B. 

100 

ARA-B 

.50 

.60 

7,380 

108 

14 

- 

138 

260 

352.3 

B  .&L  ,E . 

100 

ARA-B 

.48 

.58 

9,670 

16 

16 

13 

26 

69 

71.4 

P.&L.E. 

100 

ARA-B 

.48 

.58 

1,880 

1 

1 

_ 

- 

2 

10.6 

P.&L.E.* 

100 

P.&R. 

.50 

„60 

3,700 

47 

2 

- 

6 

55 

148.6 

P.&R. 

100 

P.S. 

.46 

.50 

5,997 

2 

1 

- 

6 

8 

13.0 

Pa.-H.W. 

100 

P.S. 

,45 

,56 

5,631 

31 

6 

- 

60 

96 

170.5 

Pa.-S.W. 

Totals 

119,468 

1921 

232 

89 

798 

3040 

264.6 

PMcE&YDiv" 
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Table  6  - 

Sheet  2 

Total  Bail  Failures  Prom 

Date  Boiled  to  October  31st,  1914. 

Lbs. 

Spec. 

Failures 

Year 
Polled 

Per 
Tara 

Sect'n 

Carbon 

Tons 
Laid 

Total  Failures  To 

Date 

Per  10  16 

Tons 

Railroad 

Mini  Max 

Head 

W.eb 

Basel Brkn 

Total 

Bessemer  -  CABNEGIE 

STEEL  COMPANY 

-  Continued 

1911 

80 

ASCE 

.43 

.53 

3,174 

- 

2 

1 

5 

8 

25.2 

T.&0.C. 

85 

P.S. 

.46 

.55 

3,349 

12 

3 

5 

33 

53 

158.0 

Pa.-B.W. 

85 

P.S. 

.45 

.55 

6,652 

21 

1 

_ 

10 

32 

48.1 

Pa.-S.W. 

90 

ARA-A 

.45 

.55 

3,037 

6 

13 

- 

5 

24 

78.9 

B  .4:0  . 

90 

AEA-B 

.45 

.•56 

5,707 

24 

11 

- 

48 

83 

145.6 

B.&O. 

90 

ARA-B 

.45 

.55 

2,700 

3 

- 

2 

5 

10 

37.0 

B.P. 

90 

ASCE 

.45 

.65 

16,342 

113 

10 

7 

86 

216 

140.8 

Erie 

100 

AEA-B 

.50 

.60 

3,250 

6 

- 

- 

5 

11 

33.8 

B  .&L  .E . 

100 

AEA-B 

.48 

.58 

2,882 

- 

5 

- 

2 

7 

24.3 

P.&4.E. 

100 

AEA-B 

.48 

.58 

2,594 

7 

3 

- 

4 

14 

54.0 

P.&L.E.* 

100 

P.S. 

.45 

.50 

10,955 

6 

3 

5 

17 

31 

28.0 

Pa.-H.W. 

100 

P.S. 

.45 

.55 

4,482 

15 

2 

1 

47 

65 

145.0 

Pa.-S.W. 

Totals 

64,124 

213 

53 

21 

267 

654 

66.4 

1912 

100 

AEA-B 

,50 

.60 

4,098 

5 

- 

- 

14 

19 

46.4 

B.&L.E. 

1913 

85 

P.S. 

.45 

.55 

5,162 

2 

1 

- 

2 

5 

10.0 

Pa.-B.W. 

85 

P.S. 

.45 

.55 

2,111 

8 

i 

- 

7 

16 

75,8 

Pa.-S.W. 

100 

AEA-B 

.50 

.60 

6,865 

6 

- 

- 

3 

9 

13.1 

B.&L.E. 

100 

P.S. 

.45 

.50 

10,127 

- 

- 

- 

1 

1 

1.0 

Pa .  -E  .W . 

100 

P.S, 

.45 

,55 

9,272 

1 

l 

- 

2 

4 

4.3 

Pa.-S.W. 

Totals 

33,537 

17 

3 

- 

15 

35 

10.4 

1914 

100 1  P.S. 

.451 .55 

£.425 

_ 

_ 

- 

- 

e 

0.0 

Pa.-S.W. 

Bessemer  -  ILL 

IHOIS 

STE] 

:L  COMPANY 

1909 

75 

ASCE 

.40 

.50 

2,886 

9 

4 

13 

150 

176 

609.8 

C.I.fcL. 

75 

cs 

.45 

.65 

12,043 

2 

2 

1 

4 

9 

7.5 

St.J.&GI 

75 

MP 

- 

- 

3,996 

- 

- 

- 

- 

0 

0.0 

St.L.S.W 

80 

AEA-A 

.40 

.50 

1,047 

- 

- 

- 

- 

0 

0.0 

T.P.&W. 

80 

ASCE 

- 

- 

3,750 

7 

- 

1 

3 

11 

29.3 

D  .&I  .E . 

85 

ASCE 

.43 

.53 

33,655 

36 

8 

29 

315 

388 

115.2 

C.R.I.&P  , 

85 

P.S. 

.45 

.55 

1,283 

20 

1 

2 

'  4 

27 

210.0 

Pa.-K.W. 

85 

P.S. 

.45 

.55 

10,289 

97 

13 

9 

76 

195 

189.5 

Pa'.-S.W. 

85 

P.S. 

.45 

.56 

3,482 

79 

- 

1 

12 

92 

264.2 

Vandal ia 

90 

AEA-A 

.45 

.55 

4,533 

28 

5 

8 

58 

99 

218.5 

B.&O. 

90 

AEA-A 

_ 

_ 

34,197 

34 

11 

1 

51 

97 

28.4 

S.P. 

90 

ARA-B 

.45 

.55 

2,033 

35 

- 

- 

53 

88 

432.8 

B.&O. 

90 

AEA-B 

.45 

.55 

12,103 

32 

2 

9 

15 

58 

47.9 

B.P. 

90 

ASCE 

.44 

.54 

5,235 

58 

7 

140 

143 

348 

664.7 

CCC&StL. 

90 

ASCE 

.45 

.55 

1,302 

11 

- 

2 

33 

46 

553.3 

Erie 

100 

ARA-A 

.46 

.56 

1,860 

5 

3 

1 

6 

15 

80.8 

B.&O. 

100 

ASCE 

.45" 

.55 

7  ,*973 

6 

- 

55 

83 

114 

180.6 

M.C. 

100 

P.S. 

.45 

.50 

3,453 

4 

- 

_ 

6 

10 

29.0 

Pa.-K.W. 

Totals 

145,120 

463 

56 

272 

1012 

1803 

124.2 

1910 

75 

ASCE 

.55 

.65 

3,355 

- 

- 

- 

1 

1 

3.0 

StL&SF. 

75 

C.S. 

.45 

.55 

2,076 

2 

- 

- 

- 

2 

9.6 

St-J.&GI 

75 

M.P. 

.  - 

- 

14,377 

4 

- 

1 

5 

10 

7.0 

St.L.S.W. 

80 

ASCE 

- 

- 

4,065 

12 

3 

6 

108 

129 

318.1 

D.&I.B. 

85 

ASCE 

.43 

.53 

5,123. 

3 

1 

4 

8 

16 

31.2 

C.I.&S. 

90 

ARA-A 

.45 

.55 

8,790 

26 

1 

47 

385 

459 

522.1 

B.&O. 

90 

ARA-A 

- 

- 

52,321 

42 

7 

13 

91 

153 

29.2 

S.P. 

90 

ARA-A 

.55 

.65 

26,460 

132 

8 

2 

52 

194 

73.3 

D.P. 

90 

ARA-B 

.45 

.55 

5,439 

11 

1 

8 

16 

36 

66.2 

B.P. 

90 

ASCE 

.44 

.54 

27,750 

92 

6 

469 

451 

1018 

366.8 

CCC&StL. 

90 

ASCE 

.45 

.55 

1,303 

48 

6 

43 

171 

268 

2056.7 

Erie 

100 

ABA-B_ 

- 

.47 

11,000 

7 

3 

_ 

5 

15 

13.6 

C.&O. 

Totals 

162.049 

379 

36 

593 

1293 

£301 

141.9 

1911 

75 

ASCE 

.55 

.66 

2,000 

- 

- 

- 

- 

0 

0.0 

StL&SF. 

75 

M.P. 

- 

- 

6,936 

- 

- 

- 

- 

0 

0.0 

StL&SH. 

80 

ASCE 

.40 

.60 

3,570 

- 

- 

- 

2 

2 

5.6 

C.N. 

85 

ASCE 

.43 

.53 

1,867 

2 

- 

14 

2 

18 

96.4 

Southern 

85 

P.S. 

.45 

.55 

1,055 

4 

- 

9 

14 

27 

256.0 

Pa.-N.W. 

85 

P.S. 

.45 

.55 

9,946 

18 

3 

23 

100 

144 

144.8 

Pa.-3.W. 

85 

P.S. 

.45 

.55 

3,800 

10 

2 

7 

18 

37 

97.4 

Vandalia 

90 

AEA-A 

- 

- 

7,214 

2 

- 

1 

1 

4 

5.5 

S.P. 

90 

ARA-B 

.43 

.53 

4,210 

2 

- 

8 

24 

34 

80.8 

CI&L. 

90 

ASCE 

.45 

.55 

4,791 

30 

14 

43 

306 

393 

820.2 

Erie 

100 

P.S. 

.45 

,55 

1,917 

17 

3 

1 

14 

35 

182.6 

IB.S.W. 

Totjls 

47,306 

85 

22 

106 

481 

694 

146.7 

PMcZ&YDlT. 
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Tab la  5 

-  Sheet  3 

Total  Rail  Failures  Prom  Date  Boiled  to 

October  31st,  1914. 

Los. 

!  Spec. 

Failures 

Year 

Rolled 

Per 
Yard 

Seot'n 

Carbon 

Tons 
Laid 

Tot 

il  Fl 

illur 

33  TO 

Date 

Per  10  U 
Tons 

Railroad 

Mln|Mas 

[lead 

Web | Base 

BrknlTotal 

Bessemei 

-  ILLINOIS  STEEL 

COMPANY  - 

Continued 

1912 

T5 

M.P. 

_ 

_ 

5,674 

5 

_ 

_ 

_. 

5 

8.8 

St.L.S.W. 

85 

ASCE 

,43 

,53 

2.685 

2 

1 

1 

- 

4 

14.9 

Southern 

Totals 

8,359 

7 

1 

1 

_ 

9 

10.7 

1913 

85 

ASCE   I!  .43 

.53 

1,741 

1 

- 

- 

- 

1 

5.7 

Southern 

90 

ARA-B  II  .45 

.55 

2,766 

- 

_ 

- 

- 

0 

0.0 

N.P. 

Totals 

4.507 

1 

- 

- 

- 

1 

2.2 

Bessemer  -  LACKAWANNA  STEEL  COMPANY 

1909 

75 

ASCE 

.45 

.55 

1,273 

1 

_ 

23 

24 

48 

377.1 

SPLA&SL . 

80 

ASCE 

.43 

.63 

1 

167 

- 

- 

- 

2 

2 

17.1 

N.Y.S.&W 

80 

Dudley 

.43 

.53 

2 

370 

- 

- 

- 

1 

1. 

4.2 

NYC4HR. 

*80 

Dudley 

.43 

.53 

30 

521 

16 

13 

46 

46 

121 

39.6 

NYC&HR. 

80 

Dudley 

.43 

.53 

2 

000 

6 

22 

40 

34 

102 

510.0 

Rutland 

85 

P.S. 

.45 

.55 

8 

401 

10 

3 

1 

6 

20 

23.8 

P.R.R. 

90 

ARA-A 

.44 

.54 

1 

052 

7 

- 

1 

13 

21 

199.6 

AT&SF . 

90 

ARA-A 

.43 

.53 

5 

000 

11 

6 

9 

16 

42 

84.0 

'  C.B.&Q. 

90 

ARA-B 

.45 

.55 

1 

251 

8 

1 

18 

18 

45 

359.7 

N.P. 

90 

ASCE 

.45 

.55 

7 

279 

41 

9 

32 

71 

153 

210.2 

Erie 

90 

ASCE 

.43 

.53 

1 

035 

3 

2 

8 

3 

16 

154.6 

L.T. 

100 

ASCE 

.45 

.55 

2 

451 

9 

- 

4 

9 

22 

89.7 

Erie 

100 

ASCE 

.45 

.55 

6 

335 

4 

_ 

1 

16 

21 

39.3 

M.C. 

*100 

ASCE 

.45 

.55 

2 

028 

- 

- 

2 

4 

6 

29.5 

M.C. 

100 

Dudley 

.45 

'.55 

2 

500 

4 

1 

- 

6 

11 

44.0 

B.&  A. 

*100 

Dudley 

.48 

.48 

7 

940 

3 

2 

2 

12 

19 

23.9 

B.&  A. 

100 

Dudley 

.45 

.55 

19 

257 

4 

3 

9 

10 

26 

13.6 

NYC&HR. 

*100 

Dudley 

.43 

.55 

4 

098 

7 

1 

40 

22 

70 

170  .8 

NYC&HR. 

100 

Dudley 

.45 

.55 

1 

283 

33 

2 

- 

8 

43 

335.2 

P.R.R. 

Totals 

106 

241 

167 

65 

236 

321 

789 

74.2 

1910 

80 

ARA-B 

.40 

.50 

2 

479 

20 

- 

- 

— 

20 

80.6 

TStL&W . 

80 

ASCE 

.40 

.50 

3 

457 

28 

14 

10 

44 

96 

277.7 

C.V. 

80 

ASCE 

.43 

.53 

3 

222. 

8 

3 

- 

2 

13 

40.3 

B.Y.S.&W 

*80 

Dudley 

.43 

.53 

47 

324 

60 

4 

687 

230 

981 

207.3 

NYC&HR. 

80 

Dudley 

.43 

.53 

1 

500 

1 

- 

53 

4 

58 

386.6 

Rutland 

85 

ASCE 

- 

- 

5 

300 

2 

- 

- 

1 

■3 

5.7 

CH&D. 

85 

P.S. 

.45 

.55 

5 

998 

9 

3 

2 

11 

25 

41.7 

P.R.R. 

90 

ARA-A 

.43 

.53 

5 

000 

45 

7 

54 

112 

218 

436.0 

'C.B.&Q. 

90 

ARA-B 

.45 

.55 

30 

234 

29 

8 

13 

60 

110 

36.4 

N.P. 

*90 

ARA-B 

.44 

.54 

5 

796 

3 

1 

8 

36 

48 

82.8 

N.P. 

90 

ASCE 

.45 

.55 

15 

318 

30 

1 

21 

32 

84 

54.8 

Erie 

*90 

ASCE 

.47 

.57 

9 

082 

24 

8 

.106 

52 

190 

209.2 

L.V. 

90 

ASCE 

.45 

.55 

3 

000 

4 

1 

8 

25 

38 

126.6 

P.&  R. 

*90 

ASCE 

.44 

.54 

1 

679 

14 

1 

- 

5 

20 

119.1 

W.&L.E. 

*91 

DL&ff 

- 

- 

3 

141 

3 

1 

3 

2 

9 

28.6 

D  .L  .&W . 

100 

ARA-A 

.50 

.60 

1 

797 

46 

1 

3 

14 

64 

355.6 

CofN.J. 

100 

ASCE 

.45 

.55 

3 

007 

5 

- 

'2 

4 

11 

36.6 

Erie 

100 

ASCE 

.45 

.55 

1 

049 

4 

- 

_ 

- 

4 

38.1 

M.C. 

*100 

Dudley 

.45 

.55 

9 

515 

22 

6 

19 

20 

67 

70.4 

B.fc  A. 

*100 

Dudley 

.43 

.55 

25 

407 

55 

21 

164 

91 

331 

130.3 

NYC&HR. 

100 

P.S. 

.45 

,55 

6 

792 

3 

4 

- 

2 

9 

13.3 

P.R.R. 

Totals 

190 

097 

415 

84 

1153 

747 

2399 

126.2 

1911 

80 

ASCE 

.43 

.53 

1 

794 

- 

- 

- 

1 

1 

5.6 

N.Y.S.&W 

*80 

Dudley 

.55 

.65 

9 

043 

12 

1 

39 

93 

145 

160.3 

NYC&HR. 

*80 

Dudley 

.52 

.65 

2 

750. 

- 

3 

420 

58 

481 

1749.0 

Rutland 

85 

P.S.  ' 

.45 

.55 

3 

037 

5 

1 

- 

1 

7 

23.0 

P*.R.R. 

90 

ARA-A 

.43 

.53 

3 

000 

19 

4 

14 

148 

185 

616.7 

C.B.&Q. 

90 

ARA-B 

.45 

.55 

5 

658 

- 

- 

- 

1 

1 

1.8 

N.P. 

90 

ASCE 

.45 

.55 

4 

317 

2 

2 

- 

4 

8 

18.5 

Erie 

*90 

ASCE 

.45 

.55 

1 

072 

- 

- 

- 

4 

4 

37.3 

Erie 

90 

ASCE 

.45 

.55 

3 

150 

9 

1 

2 

15 

27 

85.7 

P.&  R. 

100 

ARA-A 

.45 

.55 

7 

000 

20 

3 

- 

4 

27 

38.6 

'C.B,&Q. 

100 

ASCE 

.45 

.55 

2 

301 

13 

2 

1 

4 

20 

•86.9 

Erie 

*100 

ASCE 

.60 

.70 

2 

630 

2 

-_ 

3 

3 

8 

30.4 

M.C. 

*100 

Dudley 

.60 

.70 

5 

540 

'6 

- 

7 

19 

32 

57.8- 

B.&  A. 

*100 

Dudley 

.60 

.70 

6 

404 

25 

1 

67 

73 

T.66 

259.2 

HYC&HR. 

100 

P.S. 

.45 

,56 

4 

051 

12 

3 

1 

4 

20 

49.4 

P.R.R. 

Totals 

61 

747 

125 

21 

554 

422 

use! 

183.3 

1 

*  Perro  Titanium  Alloy  Added 
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Table  6  - 

Sheet  4 

Total  Rail  Failures  From  Date 

Rolled  to 

October  31s 

t,  1914. 

Lbs.l 

Spec . 

Failures 

Year 
Rolled 

Per  Seet'n 
Yardj 

Carbon 

Tons 
Laid 

Total  Failure 

b  To 

Date 

Per  10  M 

Tons 

Railroad 

Min  jUas 

JHead 

Web 

Base 

Erkn 

Total 

Bessemer  -  LACKAWAKHA 

STEEL  COUP ANY 

-  Continued 

1912 

80 

ASCE 

.40 1 .50 

4,750 

29 

6 

4 

11 

50 

105.2 

C.V. 

*  90 

ARA-B 

.45  .55 

3,046 

1 

- 

- 

1 

2 

6.6 

N.P. 

100 

P.S. 

.45  .55 

1,254 

10 

2 

8 

3 

17 

135.6 

P.R.E. 

*100 

P.S. 

.451  .55 

5.021 

39 

3 

- 

1 

43 

85.6 

P.R.R. 

Totals 

14,071 

79 

11 

6 

16 

112 

79.6 

1913 

90 

AEA-B 

.451 .55 

4,160 

_ 

_ 

- 

_ 

0 

0.0 

N.P. 

1914 

90 

AEA-B 

.45! .55 

3.320 

- 

- 

- 

- 

0 

0.0 

N.P. 

Bessemer  -  MARYLAND  STEEL 

COMPANY 

1909 

70 

P.S. 

- 

_ 

9,700 

- 

2 

- 

3 

5 

5.1 

B.&  A. 

75 

B&M 

.40 

.50 

2,500 

2 

- 

3 

7 

12 

48.0 

B.&  M. 

85 

ASCE 

.43 

.53 

2,500 

1 

- 

4 

2 

7 

28.0 

B.&  M. 

86 

ASCE 

.43 

.53 

4,187 

35 

1 

_ 

7 

43 

102.7 

Southern 

85 

P.S. 

_ 

- 

3,827 

4 

4 

15 

4 

27 

70.5 

B.&  A. 

85 

P.S. 

.45 

.55 

4,637 

20 

2 

- 

- 

22 

47.4 

P.R.R. 

90 

ARA-B 

.45 

.55 

7,062 

163 

7 

- 

74 

244 

345.6 

B.&  0. 

90 

ASCE 

.54 

.64 

10,000 

153 

15 

8 

21 

197 

197.0 

P.&  R. 

100 

ARA-A 

.58 

.68 

1,437 

120 

2 

- 

13 

135 

939.4 

CofH.J. 

100 

ARA-B 

.46 

.56 

11,394 

374 

15 

4 

80 

473 

415.1 

B.&  0. 

100 

P.S. 

.45 

.55 

6,277 

28 

25 

2 

21 

76 

121.1 

P.R.R. 

100 

P&E. 

.55 

.65 

2,500 

50 

14 

- 

7 

71 

284.0 

P.&  R. 

Totals 

66,021 

950 

87 

36 

239 

1312 

198.7 

1910 

70 

P.S. 

- 

_ 

4,690 

1 

- 

18 

7 

26 

55.4 

B.&  A. 

85 

ASCE 

.43 

.53 

14,435 

64 

2 

- 

18 

84 

58.2 

Southern 

85 

P.S. 

- 

_ 

4,036 

- 

1 

29 

12 

42 

104.0 

B.&  A. 

85 

P.S. 

.45 

.55 

5,587 

12 

9 

1 

5 

27 

48.3 

P.E.E. 

90 

ARA-B 

.45 

.55 

4,209 

91 

3 

1 

47 

142 

337.3 

B.&  0. 

*  90  ARA-B 

.45 

.65 

2,407 

30 

3 

3 

20 

56 

232.6 

B.&  0. 

90 

ARA-B 

- 

.49 

7,000 

- 

- 

- 

2 

2 

2,9 

C.&  0. 

90 

ASCE 

.53 

.63 

3,574 

2 

- 

- 

- 

2 

5.5 

P.&  R. 

100 

AEA-B 

.46 

.56 

7,180 

113 

6 

- 

70 

169 

263.2 

B.&  0. 

100 

ARA-B 

- 

.50 

1,000 

- 

- 

- 

- 

0 

0.0 

C.&  0. 

100 

P&R 

.55 

.66 

2,700 

4 

3 

- 

2 

9 

33.3 

P.&  R. 

100 

P.S. 

.45 

.55 

6.432 

16 

24 

1 

23 

64 

99.5 

P.E.R. 

Totals 

63,252 

333 

51 

53 

206 

643 

101.6 

1911 

70 

ARA-B 

.40 

.50 

5,300 

- 

1 

- 

- 

1 

1.9 

SA&  AP. 

85 

ASCE 

.43 

.53 

3,373 

1 

_ 

- 

- 

1 

3.0 

Southern 

85 

P.S. 

.45 

.55 

7,183 

12 

5 

2 

10 

29 

40.4 

P.R.R. 

*  90 

ARA-B 

.46 

.55 

2,543 

5 

- 

- 

4 

9 

35.4 

B.&  0. 

90 

ARA-B 

.43 

.53 

4,000 

- 

- 

- 

3 

3 

7.5 

C.&  0. 

90 

ASCE 

.42 

.52 

1,400 

1 

1 

- 

3 

5 

35.7 

P.&  R. 

100 

ARA-A 

.50 

.60 

7,561 

5 

- 

5 

1 

11 

42.9 

■C.ofN.J. 

100 

ARA-B 

.46 

.56 

1,904 

15 

- 

_ 

18 

33 

173.6 

B.&  0. 

*100 

ARA-B 

.46 

.56 

1,732 

13 

1 

1 

5 

20 

115.4 

B.&  0. 

100 

ARA-B 

.62 

.75 

1,967 

2 

1 

- 

- 

3 

15.2 

N.&  W. 

100 

NYNH 

.44 

- 

1,003 

- 

- 

- 

1 

1 

1.0 

B.&  M. 

100 

NYNH&H 

.45 

.55 

1,022 

1 

- 

- 

- 

1 

9.8 

BYNH&  H. 

100 

P.S. 

.45 

.55 

11,336 

15 

3 

3 

18 

39 

34.4 

P.R.R. 

100 

P&R. 

.55 

.65 

1.000 

9 

2 

- 

- 

11 

110.0 

P.&  E. 

Totals 

51,324 

79 

14 

11 

63 

167 

32.5 

1912 

70 

ARA-B 

.40 

.50 

4,400 

1 

_ 

- 

- 

1 

2.2 

SA&  AP. 

80 

ASCE 

.45 

.55 

1,702 

- 

- 

- 

- 

0 

0.0 

NYNH&  H. 

80 

Dudley 

.40 

.50 

4,876 

1 

10 

8 

5 

24 

49.2 

NYC&  HE. 

90 

ARA-B 

- 

- 

7,000 

- 

- 

- 

- 

0 

0.0 

C.&  0. 

90 

ARA-B 

.45 

.66 

1,715 

3 

- 

- 

- 

3 

17.6 

N.P. 

90 

GH 

.43 

.53 

4,660 

2 

- 

14 

29 

45 

96.6 

G.N. 

*100 

ARA-B 

.46 

.56 

9,833 

12 

3 

- 

16 

31 

31.6 

B.&  0. 

100 

NYNH 

- 

- 

1,670 

1 

37 

20 

- 

58 

347.3 

B.&  M. 

100 

NYNH&H 

.46 

.55 

5,148 

1 

1 

2 

- 

4 

7.7 

NYNE&  E. 

100 

P.S. 

.45 

.65 

19,123 

24 

34 

1 

10 

69 

36.1 

P.E.E. 

100 

P.S. 

.46 

.55 

3,984 

3 

2 

2 

- 

7 

18.0 

Pa.-N.W. 

Totals 

64,111 

48 

87 

47 

60 

242 

37.7 

Jerro  Titanium  Alloy  Added 
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rable  6  - 

Sheet  6 

Total  Fail  Failures  From  Date  Rolled  to  October  31at,  1914. 

Lbs. 

Spec . 

Failures 

Jear 
Rolled 

Per 
Yard 

Seet'n 

Carbon 

Tons 
Laid 

Total  Failures  To 

Date 

Per  10  U 

Tons 

Railroad 

Mini 

Max 

Head 

Web 

Base 

Brim 

Total 

Bessemer  - 

MARYLAND  STEEL  COUPAITY  -  Continued 

1913 

90 

ARA-B 

.  - 

- 

2,000 

2 

- 

1 

- 

3 

15.0 

C.&  0. 

90 

ARA-B 

.45 

.55 

1,196 

- 

- 

- 

- 

0 

0.0 

N.P. 

100 

P.S. 

- 

- 

1,158 

5 

- 

- 

- 

5 

43.2 

C.Y. 

100 

P.S. 

.45 

.55 

17,895 

10 

4 

1 

5 

20 

11.2 

P.R.R. 

100 

P.S. 

.45 

.55 

2,627 

2 

- 

- 

- 

2 

8.0 

Fa.-N.W. 

100 

P.S. 

.45 

.55 

1,030 

3 

- 

- 

- 

3 

29.1 

Pa.-S.W. 

100 

P&R. 

.42 

.52 

1,001 

70 

- 

- 

- 

70 

699.2 

P.&  R. 

Totals 

26.907 

92 

4 

2 

5 

103 

38.2 

1914 

85 

ASCE 

.43 

.53 

3,403 

- 

- 

- 

- 

0 

0.0 

Southern 

90 

ARA-B 

.43 

.53 

2,000 

- 

- 

- 

- 

0 

0.0 

C.&  0. 

100 

ARA-B 

.45 

.55 

5,342 

- 

- 

- 

- 

0 

0.0 

B.&  0. 

100 

P.S. 

- 

- 

1,500 

- 

- 

- 

- 

0 

0.0 

C.V. 

100 

P.S. 

.45 

.55 

1,245 

2 

- 

- 

1 

3 

24.1 

Pa.-S.W. 

Totals 

13.490 

2 

- 

- 

1 

3 

2.2 

Ope 

n  He 

arth  -  Bl 

,THLE1 

IE  11 

STEEL 

COMPANY 

1909 

80 

ASCE 

- 

- 

1,218 

1 

7 

- 

1 

9 

73.9 

C  .H  .E . 

85 

ASCE 

.62 

.75 

5,000 

5 

2 

5 

44 

56 

112.0 

B.&  M. 

85 

ASCE 

.62 

.75 

2,500 

9 

3 

- 

15 

27 

108.0 

B.&  W. 

85 

P.S. 

.62 

.72 

2,374 

23 

2 

- 

34 

59 

271.4 

P.fi.R. 

90 

ARA-E 

.55 

.80 

4,018 

215 

18 

5 

424 

662 

1647.0 

B.&.  0. 

90 

ARA-B 

- 

- 

7,000 

6 

1 

0 

5 

12 

17.1 

C.&  0. 

90 

ASCE 

.65 

.75 

4,033 

34 

4 

- 

27 

65 

161.1 

D.&  B. 

90 

G.H. 

.65 

.80 

17,110 

367 

18 

13 

380 

778 

454.7 

G.H. 

91 

DL&W. 

.70 

.83 

11,260 

114 

9 

10 

471 

604 

536.6 

D.L.&  W. 

100 

ASCE 

- 

- 

2,105 

- 

1 

- 

1 

2 

9.5 

L.I. 

100 

Dudley 

.65 

.75 

2,176 

3 

- 

- 

4 

7 

32.2 

NYC&  HB. 

100 

NTNH&H 

.70 

.80 

4,735 

41 

17 

15 

66 

139 

293.6 

NYNH&  H. 

100 

P.S. 

.62 

.75 

5,015 

49 

2 

- 

61 

112 

223.3 

P.B.B. 

Totals 

68.344 

867 

84 

48 

1533 

2532 

370.4 

1910 

80 

ASCE 

- 

_ 

2,500 

4 

4 

1 

4 

IS 

52.0 

L.I. 

80 

ASCE 

.70 

.80 

4,123 

1 

18 

4 

8 

31 

75.2 

HYTJH&  B. 

85 

ASCE 

.63 

.76 

9,000 

6 

8 

13 

38 

65 

72.2 

B.&  M. 

85 

ASCE 

.62 

.75 

5,500 

32 

5 

1 

28 

66 

120.0 

N.&  W. 

85 

P.S. 

.62 

.75 

2,800 

4 

5 

2 

7 

18 

64.3 

P.R.R. 

90 

ARA-A 

.35 

.67 

5,000 

47 

6 

5 

3 

61 

122.0 

C.B.&  Q. 

90 

ARA-B 

.62 

.75 

4,067 

2 

2 

- 

7 

11 

27.0 

N.P. 

90 

ASCE 

.65 

.75 

8,122 

66 

9 

- 

60 

135 

166.2 

D.&  H. 

91 

DL&W 

.67 

.80 

17,800 

62 

3 

13 

145 

223 

125.3 

D.1.&  W. 

100 

ARA-A 

.70 

.83 

7,600 

285 

16 

5 

270 

576 

757.9 

C.of  N.J 

100 

ARA-B 

.70 

.80 

1,493 

40 

- 

m 

45 

85 

569.3 

B.&  0. 

100 

ASCE 

- 

- 

2,695 

_ 

3 

2 

1 

6 

22.2 

L.I. 

100 

Dudley 

.62 

.75 

6,758 

9 

- 

2 

17 

28 

41.4 

NYC&  HB. 

100 

NYKH&H 

.70 

.86 

3,427 

10 

1 

15 

36 

62 

180.9 

NYNH&  H. 

100 

P.S. 

.62 

.75 

3,352 

8 

9 

2 

45 

64 

190.9 

P.R.E. 

Totals 

84.237 

576 

89 

65 

714 

1444 

171.4 

1911 

80 

ASCE 

.62 

.75 

3,297 

- 

4 

4 

2 

10 

30.3 

NYNH&  H. 

85 

ASCE 

.67 

.80 

17,200 

7 

2 

14 

53 

76 

44.2 

B.&  11. 

85 

ASCE 

.67 

.80 

7,080 

4 

2 

18 

180 

204 

288.1 

Me.C. 

85 

ASCE 

.62 

.75 

2,963 

3 

2 

- 

14 

19 

64.1 

N.&  W. 

90 

ARA-B 

.65 

.80 

2,153 

25 

4 

- 

9 

38 

176.5 

B.&  0. 

90 

ASCE 

.52 

.65 

8,166 

46 

- 

- 

23 

69 

84.4 

D.&  H. 

90 

ASCE 

.70 

.85 

4,950 

43 

1 

1 

130 

175 

353.5 

P.&  B. 

91 

DL&W. 

.67 

.80 

1,962 

12 

1 

2 

17 

32 

152.9 

D.L.&  V. 

100 

ARA-A 

.72 

.85 

11,606 

128 

8 

14 

269 

419 

361.0 

C.of  N.J 

100 

ASCE 

- 

- 

2,602 

- 

- 

- 

1 

1 

3.8 

L.I. 

100 

ASCE 

.62 

.76 

3,927 

11 

- 

4 

2 

17 

43.2 

L.S.fcM.S 

100 

Dudley 

.62 

.75 

2,299 

- 

- 

- 

- 

0 

0.0 

NXC&  HB. 

100 

NYNH&H 

.70 

.83 

4,383 

1 

1 

1 

1 

4 

9.1 

NYNH&  H. 

100 

P.S. 

.62 

.75 

2,887 

2 

- 

- 

8 

10 

34.6 

P.B.B. 

101 

DL&W. 

.70 

.83 

7,613 

16 

1 

7 

19 

43 

56.5 

D.L.&  W. 

*101 

DL&W. 

- 

- 

1,097 

2 

- 

- 

41 

43 

392.0 

D.I  .4  W. 

110 

J.V. 

.63 

.76 

4,967 

28 

1 

1 

5 

35 

70.5 

L.7. 

Totals 

89.152 

328 

27 

66 

774 

1196 

134.0 

Ferro  Titanium  Alloy  Added 
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Table  6 

-  Sheet  6 

Total  Pail  Failure 

s  Prom  Date  Rolled  to 

Octob 

or  31st,  1914. 

Lbs. 

Spec . 

Failures 

Year 
Soiled 

Per 
Yard 

Seot'n 

Carbon 

Tons 
Laid 

Total  Failure 

s  To 

Date 

Per  10  11 
Tons 

Railroad 

Min iMax 

Head 

Web | Base 

Brkn 

Total 

Open  Hearth  -  BETHLEHEM 

STEEL  COMPANY 

-  Continued 

1912 

80 

ASCE 

.  _ 

_ 

1,981 

_ 

1 

_ 

. 

1 

5.0 

C.N  JE. 

80 

ASCE 

.62 

.75 

3,116 

- 

- 

- 

1 

1 

3.2 

NYNH&  H. 

85 

ASCE 

.67 

.80 

1,571 

- 

4 

11 

33 

48 

305.5 

B.&  M. 

85 

ASCE 

.59 

.72 

1 ,  623 

2 

- 

- 

- 

2 

12.3 

Southern 

90 

ARA-E 

.59 

.72 

2,428 

2 

- 

- 

_ 

2 

8.2 

H.P. 

90 

ASCE 

.62 

.75 

14,259 

11 

- 

- 

4 

15 

10.5 

D.&  H. 

90 

ASCE 

.67 

.80 

5,045 

- 

- 

- 

- 

0 

0.0 

P.&  R. 

90 

GN 

.59 

.72 

9,982 

1 

- 

1 

- 

2 

2.0 

G.N. 

91 

DL&T7 

.64 

.77 

3,587 

3 

_ 

- 

4 

7 

19.5 

D.L.&  7/. 

100 

AEA-A 

.67 

.80 

2,735 

- 

- 

_ 

- 

0 

0.0 

C.of  N.J, 

100 

AEA-A 

.63 

.76 

15,150 

48 

1 

- 

4 

53 

35.0 

L.V. 

100 

ARA-B 

.70 

.80 

2,665 

12 

2 

1 

11 

26 

97.4 

B.&  0. 

100 

ARA-B 

.62 

.75 

3,800 

2 

- 

- 

- 

2 

5.3 

N.&  W. 

100 

Dudley 

.62 

.75 

7,386 

- 

- 

- 

- 

0 

0.0 

NYC&  HE. 

100 

NYNH 

.70 

.83 

1,000 

- 

- 

2 

2 

4 

40.0 

B.&  M. 

100 

NYNH&H 

.70 

.83 

3,433 

2 

1 

- 

1 

4 

11.7 

NYNH&  H. 

100 

P.S. 

.62 

.75 

4,440 

- 

- 

1 

1 

2 

4.5 

P.R.E. 

101 

DL&W 

.70 

.83 

3,897 

5 

- 

1 

5 

11 

28.2 

D.L.&  W. 

110 

L.V. 

,63 

.76 

2.140 

14 

- 

1 

- 

15 

70.1 

L.V. 

Totals 

90,238 

102 

9 

18 

66 

195 

21,6 

1915 

72 

N.P. 

.52 

.65 

3,984 

_ 

_ 

- 

_ 

0 

0.0 

H.P. 

85 

ASCE 

.67 

.80 

4,600 

_ 

2 

1 

2 

5 

10.8 

B.&  M. 

85 

ASCE 

.67 

.80 

10,000 

1 

- 

2 

25 

28 

28.0 

Me.C. 

90 

ARA-B 

.63 

.76 

2,285 

- 

- 

- 

1 

1 

4.3 

B.&  0. 

90 

ARA-B 

.59 

.72 

1,444 

- 

- 

- 

- 

0 

0.0 

N.P. 

90 

ASCE 

.67 

.80 

3,005 

- 

- 

- 

- 

0 

0.0 

C.ofN.J. 

90 

ASCE 

.62 

.75 

7,376 

- 

- 

- 

- 

0 

0.0 

D.&  H. 

90 

ASCE 

.62 

.75 

1,200 

- 

- 

- 

- 

0 

0.0 

L.&N.E. 

90 

ASCE 

.67 

.80 

5,310 

- 

- 

- 

- 

0 

0.0 

P.&  R. 

90 

G.N. 

.59 

.72 

10,060 

3 

- 

11 

11 

25 

25.0 

G.N. 

91 

DL&W. 

.64 

.77 

1,902 

- 

- 

- 

1 

1 

5.2 

D.L.&  T.. 

100 

ARA-A 

.67 

.80 

4,325 

1 

1 

- 

- 

2 

4.6 

C.of  N.J 

100 

ARA-A 

.63 

.76 

1,522 

- 

- 

- 

- 

0 

0.0 

C.K.I.&P 

100 

AEA-A 

.70 

.85 

2,123 

- 

- 

- 

4 

4 

18.8 

L.&  N. 

100 

AEA-A 

.63 

.76 

18,374 

9 

- 

- 

2 

11 

6.0 

L.V. 

100 

ARA-B 

.62 

.75 

-  5,300 

1 

- 

- 

1 

2 

3.7 

N.&  W. 

100 

NYNH 

.70 

.83 

3,500 

- 

1 

1 

1 

3 

8.5 

B.&  U. 

100 

NYTJH&H 

.70 

.83 

10,072 

- 

- 

1 

- 

1 

1.0 

NYNE&  H. 

100 

P.S. 

.62 

.75 

3,183 

_ 

- 

- 

- 

0 

0.0 

P.R.R. 

100 

P.&R. 

.67 

.80 

2,720 

- 

- 

- 

- 

0 

0.0 

P.&  R. 

105 

Dudley 

.62 

.75 

8,991 

- 

- 

- 

- 

o 

0.0 

NYC&  ER. 

*105 

Dudley 

.62 

.75 

2,734 

1 

- 

- 

2 

3 

10.9 

NYC&  HE. 

110 

1.7. 

.63 

.76 

12,903 

17 

4 

1 

- 

22 

17.1 

L.7. 

*110 

L.V. 

.63 

.76 

1.201 

4 

1 

- 

1 

6 

50.0 

L.7. 

Totals 

128,114 

37 

9 

17 

51 

114 

8.6 

1914 

80 

ASCE 

_ 

- 

1,296 

- 

_ 

- 

- 

0 

0.0 

C.N.E. 

80 

ASCE 

.55 

.68 

2,000 

- 

- 

- 

- 

0 

0.0 

C.V. 

85 

ASCE 

.63 

.76 

1,630 

- 

- 

- 

- 

0 

0.0 

B.&  IS. 

90 

ASCE 

.62 

.75 

6,429 

- 

_ 

- 

- 

0 

0.0 

D.&  H. 

90 

ASCE 

.62 

.75 

1,500 

- 

- 

- 

- 

0 

0.0 

L.&N.E. 

90 

ASCE 

.67 

.80 

5,042 

- 

- 

- 

- 

0 

0.0 

P.&  R. 

91 

DL&W. 

.64 

.77 

2,350 

- 

- 

- 

- 

0 

0.0 

D.L.&  Tf. 

100 

L.V. 

.63 

.76 

16,040 

- 

- 

- 

- 

0 

0.0 

L.V. 

100 

ARA-B 

.62 

.75 

3,000 

- 

- 

- 

- 

0 

0.0 

C.&  0. 

100 

ARA-B 

.62 

.75 

4,100 

- 

- 

- 

- 

0 

0.0 

B.&  W. 

100 

NYNH 

.63 

.76 

1,798 

- 

- 

- 

- 

0 

0.0 

B.&  M. 

110 

L.V. 

.63 

.76 

4.855 

- 

- 

- 

- 

0 

0.0 

L.V. 

Totals 

50.040 

- 

- 

- 

- 

0 

0.0 

Open 

Hearth  - 

CAM 

BRLA  STEEI 

COMI 

ANY 

1909 

85 

ASCE 

.62  1.75 

4,000 

6 

10 

_ 

5 

21 

52.5 

!!.&*'. 

85 

P.S. 

.62  .75 

2,639 

14 

61 

4 

14 

83 

314.5 

P.R.E. 

100 

P.S. 

.62  ,75 

4,883 

71 

27 

5 

57 

160 

327.7 

P.E.R. 

Totals 

11,522 

91 

88 

9 

76 

264 

229.1 

Ferro  Titanium  Alloy  Added 


RAIL  FAILURE  STATISTICS. 


509 


Table  6  - 

Sheet  7 

i 

'otal  Rail  1 

,ailures  Fro™ 

Date 

Rolled  tc 

October  31st,  1914. 

Lbs. 

Spec. 

Failures 

Year 
Boiled 

Per 
Yard 

Sect'n 

Carbon 

Tons 
Laid 

Total  Failure 

s  To 

Bate 

Per  10  M 

Tons 

Railroad 

Mini  Max 

Head 

Web 

Base 

Brkn 

Total 

Open  Hearth 

-  CA1IBKIA  STEEL  COMPANY-  Continued 

1910 

85 

P.S. 

.62 

.75 

1,000 

_ 

_ 

_ 

. 

0 

0.0 

G.B.fc  1. 

85 

P.S. 

.62 

.75 

3,969 

13 

14 

2 

2 

31 

78.1 

P.B.E. 

100 

AEA-B 

.70 

.80 

2,152 

11 

1 

- 

2 

14 

65.0 

B.4  0. 

100 

P.S. 

.62 

.75 

13,327 

50 

30 

- 

31 

111 

83.3 

P.E.E. 

100 

P.S. 

.62 

.75 

2,005 

28 

6 

- 

ie 

49 

244.0 

Pat .  -H  .'*  . 

100 

P.S, 

.62 

.75 

2.136 

10 

3 

1 

2 

16 

74.9 

Pa.-S.W. 

Totals 

24,589 

112 

54 

3 

52 

221 

89.9 

1911 

85 

ASCE 

.62 

.75 

3,390 

2 

1 

1 

1 

5 

14.8 

M.&  W. 

85 

P.S. 

.62 

.75 

8,459 

15 

27 

2 

7 

51 

60.3 

P.B.B. 

90 

ARA-B 

.65 

.80 

6,469 

11 

8 

- 

51 

70 

108.2 

B.fc  0. 

90 

AEA-B 

.63 

.76 

6,490 

14 

8 

1 

5 

28 

43.1 

H.V. 

100 

ARA-B 

.70 

.80 

1,189 

7 

3 

1 

5 

16 

134.4 

B.fc  0. 

100 

P.S. 

.62 

.75 

12.949 

55 

67 

3 

46 

171 

132.1 

P.E.E. 

Totals 

38,946 

104 

114 

8 

115 

341 

87.5 

1912 

72 

N.P. 

.52 

.65 

1,172 

- 

- 

- 

1 

1 

8.5 

N.P. 

85 

ASCE 

.62 

.76 

3,300 

- 

- 

- 

6 

6 

18.2 

H.fc  V. 

85 

P.S. 

.62 

.75 

1,909 

3 

2 

- 

2 

7 

36.0 

G.E.&I. 

90 

AEA-A 

.63 

.76 

1,697 

- 

- 

- 

- 

0 

0.0 

D.P. 

90 

ARA-B 

.65 

.80 

1,603 

8 

2 

- 

2 

12 

75.0 

B.fc  0. 

90 

AEA-B 

.63 

.76 

1,000 

- 

- 

- 

- 

0 

0.0 

C.I.fc  L. 

90 

ARA-B 

.63 

.76 

5,108 

2 

1 

- 

1 

4 

7.8 

H.V. 

90 

G.N. 

.59 

.72 

9,840 

3 

- 

- 

- 

3 

3.0 

G.N. 

100 

AEA-A 

.63 

.76 

2,360 

2 

2 

1 

- 

5 

21.2 

L.V. 

100 

AEA-B 

.70 

.80 

23,936 

25 

11 

- 

23 

59 

24.6 

B.fc  0. 

100 

ARA-B 

.62 

.75 

1,097 

1 

- 

- 

- 

1 

9.1 

N.fc  W. 

100 

P.S. 

.62 

.75 

21 , 648 

63 

20 

1 

45 

129 

59.6 

P.E.R. 

100 

P.S. 

.62 

.75 

8,064 

3 

1 

- 

1 

5 

6.0 

Pa.-K.W. 

100 

P.S. 

.62 

.75 

1.429 

- 

1 

- 

- 

1 

7.0 

Pa.-S.W. 

Totals 

84.163 

110 

40 

2- 

81 

233 

27.7 

1913 

72 

N.P. 

.52 

.65 

6,965 

- 

- 

m 

1 

1 

1.4 

N.P. 

85 

ASCE 

.62 

.75 

2,559 

- 

- 

- 

1 

1 

3.9 

N.fc  W. 

85 

P.S. 

.62 

.75 

2,589 

_ 

13 

- 

- 

13 

50.2 

G.B.&I. 

85 

P.S. 

.62 

.75 

1,916 

- 

41 

1 

- 

42 

219.2 

P.E.E. 

90 

AEA-B 

.63 

.76 

1,000 

- 

- 

- 

- 

0 

0.0 

C.I.fc  L. 

90 

AEA-B 

.63 

.76 

3,793 

1 

4 

- 

5 

10 

26.3 

H.V. 

90 

ASCE 

.59 

.75 

1,717 

_ 

- 

- 

- 

0 

0.0 

C.of  N.J. 

90 

ASCE 

.59 

.72 

1,566 

- 

- 

- 

- 

0 

0.0 

2.&  M. 

90 

G.N. 

.59 

.72 

4,860 

1 

3 

1 

- 

5 

10.3 

G.N. 

100 

AEA-A 

.63 

.76 

1,377 

- 

- 

- 

- 

0 

0.0 

B.fc  0. 

100 

ARA-A 

.62 

.75 

1,88? 

- 

1 

- 

- 

1 

5.3 

C.of  N.J. 

100 

AEA-B 

.63 

.76 

28,097 

10 

- 

- 

8 

18 

6.4 

B.&0. 

100 

AEA-B 

.62 

.75 

2,683 

1 

- 

- 

1 

2 

7.4 

N.&  W. 

100 

P.S. 

.62 

.75 

24.704 

32 

18 

- 

12 

62 

25.1 

P.E.R. 

Totals 

82,709 

45 

80 

2 

28 

155 

18.7 

1914 

90 

ARA-A 

.63 

.76 

1,176 

- 

- 

- 

- 

0 

0.0 

B.fc  0. 

90 

AEA-B 

.63 

.76 

1,070 

- 

1 

- 

- 

1 

9.3 

H.V. 

90 

AEA-B 

.62 

.75 

3,099 

- 

- 

- 

- 

0 

0.0 

N.P. 

100 

ARA-B 

.63 

.76 

10,907 

- 

- 

- 

2 

2 

1.8 

B.fc  0. 

100 

AEA-B 

.63 

.76. 

1,535 

- 

- 

- 

- 

0 

0.0 

H.V. 

100 

AEA-B 

.62 

.75 

2,304 

- 

- 

- 

- 

0 

0.0 

N.&  V. 

100 

P.S. 

.62 

.75 

16,439 

1 

- 

- 

- 

1 

0.6 

P.R.E. 

_Totala 

36 . 530 

1 

1 

- 

2 

4 

1.1 

Open  Bea 

rth  -  CA. 

yiEGE 

I   STI 

£L  CC 

)MPAin 

r 

1909 

85 

ASCE 

.62 

.75 

3,000 

2 

_ 

- 

. 

2 

6.7 

N.fc  W. 

85 

P.S. 

.62 

.75 

1,158 

3 

1 

_ 

- 

4 

34.5 

P.R.R. 

85 

P.S. 

.62 

.75 

3,205 

17 

2 

1 

6 

26 

81.0 

Pa.-N.W. 

100 

P.S. 

.62 

.75 

4,450 

10 

7 

- 

21 

38 

85.4 

P.R.E. 

100 

P.S. 

.62 

.75 

3,504 

36 

6 

- 

39 

83 

237.0 

Pa.-E.W. 

100 

P.S. 

.62 

.75 

1,054 

2 

1 

- 

11 

14 

132.8 

Pa.-S.W. 

100 

P.S. 

.70 

.83 

2.527 

1 

1 

- 

8 

10 

39.6 

Pa.-S.W. 

Totals 

18.89e 

73 

18 

1 

85 

177 

93.6 

1910. 

85 

ASCE 

.62 

.75 

15,000 

13 

28 

_ 

14 

55 

36.7 

N.&  W. 

90 

AEA-B 

.63 

.76 

5,091 

70 

4 

1 

14 

89 

174.8 

H.V. 

90 

ASCE 

.62 

.72 

2,507 

6 

6 

- 

1 

13 

51.9 

L.V. 

100 

P.S. 

,62 

,75 

5,369 

31 

8 

- 

30 

69 

128.0 

Pa ,-E  .W . 

Totals 

27,967 

120 

46 

1 

59 

226 

80.7 

510 
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Table   6 

-  Sheet    8 

Total  Rail  Failures  From  Date  Boiled  to 

October  31( 

jt,   1914. 

Lt>8. 

Spec. 

Failures 

Tear 
Boiled 

Per 
Yard 

Sect'n 

Carbon 

Tons 
Laid 

Total   Fi 

ilure 

8    TO 

Date 

Per  10  M 
Tons 

Railroad 

Min  |  1\bjc 

Head 

Web 

Base 

Brkn 

Total 

Open  Hearth 

-  CARNEGIE   STEEL  COMPANY  -  Continued 

1911 

85 

P.S. 

.62 

.75 

2,121 

5 

8 

„ 

_ 

13 

61.3 

P.R.R. 

90 

ARA-A 

.65 

.80 

4,729 

5 

8 

- 

16 

29 

61.3 

B.&  0. 

90 

AEA-B 

.65 

.85 

2,850 

26 

11 

2 

56 

94 

329.8 

B.&  0. 

90 

ASCE 

.70 

.85 

1,504 

2 

9 

- 

6 

17 

113.0 

L.V. 

90 

ASCE 

.70 

.85 

5,040 

- 

_ 

_ 

6 

6 

11.9 

P.&  R. 

100 

ABA-A 

.63 

.76 

1,024 

_ 

2 

- 

4 

7 

68.4 

L.V. 

100 

ARA-B 

.62 

.76 

4,228 

10 

4 

- 

6 

20 

47.3 

p.&  l.e! 

100 

ARA-B 

.62 

.76 

2,976 

4 

11 

- 

- 

16 

60.4 

P.&  L.E. 

100 

P.S. 

.62 

.75 

11,501 

18 

33 

_ 

20 

71 

61.7 

P.R.R. 

100 

P.S. 

.62 

.75 

6.235 

10 

5 

- 

19 

34 

54.0 

Pa.-H.W. 

Totals 

42,206 

80 

92 

2 

132 

306 

72.5 

1912 

80 

ARA-B 

.52 

.65 

2,171 

6 

- 

- 

1 

6 

27.6 

N.Y.S.&W. 

85 

P.S. 

.62 

.75 

3,986 

- 

- 

- 

- 

0 

0.0 

Pa.-N.W. 

90 

ARA-A 

.65 

.80 

10,748 

9 

- 

- 

3 

12 

11.2 

B.&  0. 

90 

ARA-A 

.    - 

- 

1,385 

- 

2 

- 

3 

5 

36.1 

C  .H  .&  D . 

90 

ARA-B 

.65 

.85 

3,225 

41 

7 

- 

4 

52 

161.2 

B.&  0. 

90 

ARA-B 

.59 

.72 

16,640 

7 

- 

- 

2 

9 

5.4 

Erie 

90 

ASCE 

.60 

.73 

1,456 

1 

2 

- 

4 

7 

48.1 

Y/.&  L.E. 

100 

ARA-A 

.70 

.80 

1,045 

2 

9 

- 

3 

14 

133.9 

B.&  0. 

100 

ARA-B 

.70 

.80 

6,691 

1 

2 

1 

2 

6 

9.0 

B.&  0. 

100 

ARA-B 

.62 

.75 

15,500 

11 

6 

- 

8 

25 

16.1 

N.&  W. 

100 

ARA-B 

.62 

.75 

1,470 

- 

1 

- 

- 

1 

6.8 

P.&  L.E*. 

100 

ARA-B 

.62 

.75 

4,829 

- 

1 

- 

6 

7 

14.5 

P.&  L.E. 

100 

P.S. 

.62 

.75 

9,459 

8 

3 

_ 

7 

18 

19.0 

Pa.-S.W. 

100 

P.S. 

.62 

.75 

16.628 

2 

27 

- 

6 

35 

21.0 

Pa.-R.W. 

Totals 

95,232 

87 

60 

1 

49 

197 

20.6 

1913 

80 

ARA-A 

.53 

.66 

2,370 

- 

- 

- 

- 

0 

0.0 

Erie 

85 

ASCE 

.62 

.75 

4,275 

1 

- 

- 

1 

2 

4.7 

N.&    W. 

90 

ARA-A 

.63 

.76 

7,466 

- 

- 

- 

_ 

0 

0.0 

B.&  0. 

90 

ASCE 

.70 

.85 

4,994 

1 

- 

- 

1 

2 

4.0 

P.&  R. 

90 

ASCE 

.60 

.73 

1,105 

2 

- 

- 

_ 

2 

18.1 

W.&  L.E. 

100 

ARA-A 

.63 

.76 

7,467 

- 

1 

- 

5 

6 

8.0 

B.&  0. 

100 

ARA-A 

.63 

.76 

13,135 

2 

2 

_ 

1 

5 

3.7 

Erie 

*100 

ARA-A 

.63 

.76 

3,650 

3 

_ 

- 

1 

4 

10.9 

Erie 

100 

ARA-A 

.63 

.76 

7,327 

7 

- 

- 

_ 

7 

9.5 

L.V. 

100 

ARA-3 

.63 

.76 

5,084 

4 

_ 

_ 

_ 

4 

7.8 

E.&  0. 

100 

ARA-B 

.62 

.75 

13,252 

_ 

1 

- 

- 

1 

0.7 

K.&  W. 

100 

ARA-B 

.62 

.75 

3,379 

- 

_ 

- 

1 

1 

3.0 

r.&  l.e* 

100 

ARA-B 

.62 

.75 

2,715 

1 

- 

- 

- 

1 

3.7 

P.&   L.E. 

100 

P.S. 

.62 

.75 

12,282 

10 

1 

- 

4 

15 

12.0 

Pa.-H.W., 

100 

P.S. 

,62 

.75 

7,658 

2 

1 

- 

3 

6 

7.8 

Pa.-S.W. 

Totals 

96.159 

33 

£ 

- 

17 

56 

5.8 

1914 

80 

ASCE 

.40 

.50 

2,000 

- 

- 

_ 

- 

0 

0.0 

T.StL.&W. 

90 

ARA-A 

- 

- 

1,414 

- 

_ 

- 

- 

C 

0.0 

C.E.&  D. 

90 

ASCE 

.67 

.80 

5,028 

- 

- 

- 

_ 

0 

0.0 

P.&   R. 

100 

ARA-A 

.63 

.76 

4,202 

1 

- 

- 

_ 

1 

2.4 

B.&  0. 

100 

ARA-B 

.63 

.76 

3,151 

_ 

_ 

_ 

_ 

0 

CO 

B.&   0. 

100 

ARA-B 

.62 

.75 

8,400 

_ 

_ 

- 

_ 

0 

0.0 

E.&  W. 

100 

P.S. 

.62 

.75 

9,939 

_ 

- 

_ 

- 

0 

0.0 

Pa.-H.W. 

100 

P.S. 

.62 

.75 

5.289 

1 

- 

- 

- 

1 

1.9 

Pa.-S.W. 

Totals 

39.423 

2 

- 

- 

- 

2 

0.5 

Open  He 

arth  -  C 

DLORAJ 

)0  FT 

mi  & 

IRON 

COMPAI 

1Y 

1909 

85 

CB&Q 

.55 

.65 

20,000 

26 

4 

8 

12 

50 

25.0 

C.B.&   Q. 

90 

ARA-A 

.   - 

- 

6,478 

3 

1 

- 

- 

4 

6.2 

S.P. 

90 

CB&Q 

.58 

.68 

20,000 

56 

6 

3 

1 

65 

32.5 

C.B.&   Q. 

90 

SP 

.59 

.72 

26^964 

46 

8 

- 

5 

59 

22.7 

A.T.&S.f. 

Totals 

72,442 

131 

16 

11 

18 

178 

24.6 

1910 

76 

C.S. 

.45 

.63 

1,604 

0 

0.0 

H.&  T.C. 

75 

C.S. 

.55 

.68 

6,467 

- 

- 

_ 

- 

0 

0.0 

T.&  N.O. 

85 

ASCE 

.60 

.73 

8,224 

7 

1 

- 

1 

9 

10.9 

SPLA&   SL. 

85 

CB&Q 

.55 

.65 

5,000 

12 

1 

- 

_ 

13 

26.0 

C.B.&   Q. 

85 

D&RG 

.58 

.68 

3,348 

15 

1 

- 

4 

20 

59.6 

D.&   R.G. 

90 

ARA-A 

.58 

.68 

32,60(5 

6r 

5 

_ 

2 

68 

20.7 

C.B.-&  Q. 

90 

ARA-A 

.   - 

- 

37,167 

28 

1 

- 

5 

34 

9.1 

S.P. 

90 

ARA-A 

.63 

.76 

19,940 

43 

1 

1 

2 

47 

23.6 

TJ.P. 

90 

SF 

.59 

,72 

41,536 

60 

7 

1 

3 

71 

17.1 

A.T.&S.F. 

Totals 

156,086 

22C 

17 

2 

17 

£6£ 

16.7 

*  Ferro  Titanium  Alloy  Added 
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Table  6 

-  Sheet  9 

Total  Rail  Failui 

es  Prom  Date  Rolled  to  October  31st 

,  1914. 

Lbs. 

Spec . 

Failures 

Tear 
Rolled 

Per 
Yard 

•Sect'n 

Carbon 

Tons 
Laid 

Total  Ft 

ii lores  To 

Date 

Per  10  M 

Tons 

Railroad 

Kin 

Max 

Head| Web|Base 

Brfcn 

Total 

Open  Hearth  - 

COLORADO  FUEL  &  IEOH  COMPANY 

-  Continued 

1911 

75 

C.S. 

.45 

.63 

2,384 

- 

- 

-  - 

- 

0 

0.0 

H.&  T.C. 

75 

C.S. 

.55 

.68 

1,773 

- 

- 

- 

- 

0 

0.0 

T.&  H.O. 

85 

D&EG. 

.56 

.68 

2,855 

1 

- 

_ 

2 

s 

10.5 

D.&  R.G. 

90 

ARA-A 

.58 

.68 

17,200 

39 

1 

3 

9 

52 

30.2 

C.B.&  Q. 

90 

ARA-A 

- 

- 

17,120 

14 

1 

- 

3 

18 

10.5 

S.P. 

- 

90 

ARA-A 

.63 

.76 

5,065 

_ 

- 

- 

- 

0 

0.0 

TJ.P. 

90 

SF. 

.59 

.72 

45.650 

126 

2 

- 

3 

131 

28.7 

A.T.&S.F. 

Totals 

92,047 

180 

4 

3 

17 

204 

22.2 

1918 

75 

ASCE 

.53 

.66 

4,253 

- 

- 

- 

_ 

0 

0.0 

SPLA&  SL. 

75 

C.S. 

.55 

.68 

5,203 

- 

- 

- 

- 

0 

0.0 

U.P. 

65 

D&RG. 

.58 

.66 

10,000 

- 

- 

- 

- 

0 

0.0 

D.&  R.G. 

90 

AEA-A 

.58 

.68 

35,000 

51 

1 

- 

6 

58 

16.6 

C.E.&  Q. 

90 

ABA-A 

- 

5,647 

- 

- 

- 

1 

1 

1.8 

S.P. 

90 

ARA-B 

.58 

.68 

4,337 

6 

- 

1 

1 

8 

18.4 

H.P. 

90 

G.N. 

.60 

.70 

30,038 

215 

7 

2 

19 

243 

80.9 

G.H. 

90 

SP. 

.59 

.72 

45,000 

93 

6 

1 

8 

108 

24.0 

A  ,T  .&S  .F  . 

100 

AEA-B 

.60 

.70 

3.103 

1 

- 

- 

- 

1 

3.2 

H.P. 

Totals 

142.581 

366 

14 

4 

35 

419 

29.4 

1913 

75 

C.S. 

.55 

.68 

4,812 

- 

- 

- 

- 

0 

0.0 

D.P. 

85 

D&RG. 

.58 

.68 

10,000 

- 

- 

- 

- 

0 

0.0 

D.&  R.G. 

90 

AEA-A 

.58 

.68 

30,000 

13 

1 

- 

1 

15 

5.0 

C.B.&  Q. 

90 

AEA-A 

.  - 

- 

2,404 

1 

- 

- 

1 

2 

8.3 

S.P. 

90 

APA-A 

.63 

.76 

4,891 

- 

_ 

- 

- 

0 

0.0 

SPLA&  SL. 

90 

ARA-E 

.58 

.68 

14,655 

9 

- 

1 

1 

11 

7.5 

H.P. 

90 

D&RG 

.56 

.68 

4,400 

1 

- 

- 

- 

1 

2.3 

D.&  R.G. 

90 

S.P. 

.59 

.72 

65.110 

5 

- 

- 

4 

9 

1.4 

A.T.&S.F. 

Totals 

136,272 

29 

1 

1 

7 

38 

2.8 

1914 

85 

D&EG 

.58 

.68 

2,990 

- 

- 

- 

- 

0 

0.0 

D.&  R.G. 

90 

AEA-A 

.62 

.75 

20,000 

4 

- 

- 

- 

4 

2.0 

C.E.&  Q. 

90 

AFA-A 

.  - 

- 

2,752 

- 

- 

- 

- 

0 

0.0 

SPLA&  SL. 

90 

ARA-B 

.58 

.68 

1,010 

- 

- 

- 

- 

0 

0.0 

H.P. 

90 

D&RG 

.58 

.68 

9,000 

1 

- 

- 

- 

1 

1.1 

D.&  R.G. 

90 

S.P. 

.65 

.73 

47.600 

1 

- 

- 

- 

1 

0.2 

A.T.&S.F. 

Totals 

83.552 

6 

- 

- 

- 

6 

0.7 

0] 

aen  B 

earth  -  11 

-LIHOIS  SI 

'EEL  ( 

:ompai 

1Y 

1909 

85 

AFA-A 

.59 

.72 

4,493 

34 

2 

2 

6 

44 

100.0 

A.T.&S.F. 

65 

ASCE 

.59 

.72 

2,836 

9 

1 

- 

13 

23 

81.1 

C.&  E.I. 

65 

ASCE 

.59 

.72 

11,446 

15 

2 

2 

76 

95 

83.0 

C.F..I.&P. 

85 

P.S. 

.70 

.83 

1,988 

70 

2 

1 

3 

76 

382.3 

Pa.-E.W. 

65 

P.S. 

.62 

.75 

1,343 

35 

4 

1 

2 

42 

312.7 

Pa.-S  .W. 

85 

P.S. 

.62 

.75 

1,951 

24 

2 

- 

6 

32 

164.0 

Vandalia 

90 

ARA-A 

.65 

.80 

1,970 

16 

- 

5 

38 

59 

299.5 

B.&  0. 

90 

ARA-A 

.62 

.75 

45,000 

691 

92 

33 

107 

923 

205.1 

C.B.&  Q. 

90 

ARA-A 

- 

- 

11,268 

67 

7 

1 

61 

136 

120.7 

S.P. 

90 

ARA-B 

.62 

.75 

23,615 

298 

4 

145 

247 

694 

293.9 

H.P. 

90 

G.H. 

.62 

.75 

16,790 

200 

26 

297 

301 

824 

490.8 

G.H. 

90 

S.P. 

.59 

.72 

73,004 

183 

12 

4 

5 

204 

28.0 

A.T.&S.F. 

100 

APA-B 

.  - 

- 

8,000 

6 

1 

- 

2 

9 

11.3 

C.&  0. 

100 

P.S. 

.62 

.75 

2,831 

37 

1 

- 

14 

52 

164.0 

pa.-n.w. 

Totals 

206.535 

1685 

156 

491 

881 

3213 

155.6 

1910 

75 

ASCE 

.52 

.65 

5,002 

35 

3 

2 

29 

69 

137.9 

C.I.&  L. 

75 

ASCE 

.55 

.66 

4,923 

- 

2 

- 

3 

5 

10.2 

i.e. 

85 

ASCE 

.59 

.72 

5,926 

17 

1 

1 

21 

40 

67.5 

C.&E.I. 

65 

ASCE 

.59 

.72 

15,756 

5 

1 

4 

24 

34 

21.6 

C.R.I.&P. 

85 

P.S. 

.62 

.75 

3,617 

59 

1 

- 

17 

77 

£12.9 

Vandalia 

90 

ARA-A 

.62 

.75 

40,000 

237 

15 

45 

144 

441 

110.3 

C.E.&  Q. 

90 

ARA-A 

.63 

.76 

1,900 

62 

3 

- 

7 

72 

378.9 

i.e. 

90 

APA-A 

.  - 

- 

25,194 

88 

26 

6 

15 

135 

53.6 

S.P. 

90 

ARA-E 

.65 

.80 

10,482 

157 

3 

2 

43 

205 

195.5 

B.&  0. 

90 

APA-B 

.62 

.75 

49,181 

198 

4 

62 

94 

358 

72.6 

H.P. 

90 

G.H. 

.62 

.75 

13,470 

127 

10 

279 

590 

1006 

74C.6 

G.H. 

90 

S.P. 

.59 

.72 

92,323 

160 

£3 

7 

12 

202 

21.9 

A.T.&S.F. 

100 

APA-A 

.63 

.76 

16,140 

6 

1 

4 

34 

47 

29.] 

C.R.I.&i  . 

100 

ARA-B 

.62 

.75 

14,000 

23 

- 

1 

21 

45 

32.1 

B.&  *. 

100 

P.S. 

.62 

.75 

3,864 

148 

6 

3 

24 

181 

468.4 

Pa.-R.t. 

Totals 

301,778 

1324 

99 

416 

1076 

2917 

96. 6 
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Table  6  - 

Sheet  10 

Total  Rail  Failures  From  Date 

Rolled  to 

October  31st,  1914. 

Lbs. 

Spec. 

Failures 

Year 
Rolled 

Per 
Yard 

Sect'n 

Carton 

Tons 
Laid 

Total  Failures  To 

Late 

Per  10  H 

Tons 

Railroad 

Mia  |Max 

Head 

Web 

Base 

Brkn 

[Total 

Ope 

a   Hearth 

-  ILLINOIS  SIEEL 

COMPANY  -  Continued 

1911 

80 

AEA-A 

.59 

.72 

1,400 

2 

- 

2 

e 

9 

64.3 

KSP&SStM. 

80 

ASCE 

.  - 

- 

2,701 

2 

- 

1 

22 

25 

92.5 

£.&  I.R. 

86 

ASCE 

.58 

.71 

3,369 

- 

- 

- 

1 

-   1 

2.9 

C.I.  &S. 

85 

ASCE 

.59 

.72 

1,961 

- 

- 

_ 

6 

6 

30.6 

C.&  E.I. 

85 

ASCE 

.62 

.75 

18,108 

1 

- 

31 

51 

83 

45.8 

C.B.I.&P. 

85 

P.S. 

.62 

.75 

1,523 

16 

- 

4 

7 

27 

177.3 

Vandalia 

90 

ARA-A 

.65 

.80 

1,078 

1 

- 

8 

30 

39 

361.7 

B.&  0. 

90 

AEA-A 

.62 

.75 

10,000 

51 

7 

31 

62 

151 

151.0 

C.B.&  Q. 

90 

ARA-A 

.  - 

- 

2,420 

- 

- 

- 

- 

0 

0.0 

C.H.&  D. 

90 

ARA-A 

.63 

.76 

8,687 

20 

6 

17 

13 

55 

63.3 

i.e. 

90 

ARA-B 

.65 

.80 

1,934 

2 

- 

- 

- 

2 

10.4 

B.&  0. 

90 

ARA-E 

.59 

.72 

6,000 

- 

- 

_ 

- 

0 

0.0 

C.&  0. 

90 

ARA-B 

.62 

.75 

15,420 

35 

2 

34 

31 

102 

66.1 

N.P. 

90 

ASCE 

.60 

.73 

12,000 

9 

13 

4 

60 

86 

71.6 

CCC&St.L. 

90 

ASCE 

.60 

.73 

3,149 

- 

2 

- 

6 

8 

25.4 

T.&  O.C. 

90 

G.N. 

.62 

.75 

25,880 

68 

4 

71 

143 

286 

110.5 

6.B. 

90 

S.F. 

.59 

.72 

3,037 

11 

7 

2 

1 

21 

69.2 

A.T.&S.F. 

100 

ARA-B 

.62 

.75 

6,000 

3 

- 

1 

12 

16 

32.0 

C.&  0. 

100 

ASCE 

.62 

.75 

13,169 

3 

- 

3 

12 

18 

13.7 

11. C. 

100 

P.S. 

.62 

.75 

6.069 

4 

3 

1 

3 

11 

18.0 

Pa.-H.W. 

Totals 

142.895 

228 

43 

210 

465 

946 

66.2 

1912 

72 

N.P. 

.52 

.65 

3,110 

- 

- 

- 

- 

0 

0.0 

N.P. 

80 

ASCE. 

.65 

.80 

1/432 

5 

- 

- 

m 

5 

34.9 

B.&  O.C.I 

80 

ASCE 

.55 

.68 

3,919 

1 

- 

- 

5 

6 

15.3 

T.&  O.C. 

85 

AEA-A 

.59 

.72 

19,815 

7 

1 

17 

9 

34 

17.2 

MSP&SStM. 

85 

ASCE 

.58 

.71 

3,392 

_ 

- 

- 

3 

3 

8.8 

C.I.&  S. 

85 

ASCE 

.58 

.71 

1,674 

2 

- 

- 

1 

3 

17.9 

I. H.Beit 

85 

P.S. 

.62 

.75 

10,165 

16 

- 

_ 

7 

23 

22.6 

Pa.-S.W. 

90 

ARA-A 

.65 

.80 

3,166 

8 

3 

- 

3 

9 

28.4 

B.&  0. 

90 

ARA-A 

.62 

.76 

15,000 

16 

- 

1 

12 

29 

19.3 

C.B.&  Q. 

90 

ARA-A 

.  - 

.64 

5,845 

- 

.1 

- 

_ 

1 

1.7 

C.&  E.I. 

90 

AEA-A 

.  - 

- 

1,080 

- 

- 

- 

- 

0 

0.0 

C.H.&  l>. 

90 

AEA-A 

.63 

.76 

8,495 

- 

- 

- 

- 

0 

0.0 

C.R.I.&P. 

90 

ARA-A 

.63 

.76 

3,516 

10 

5 

6 

4 

25 

71.0 

i.e. 

90 

ARA-A 

.63 

.76 

2,947 

- 

_ 

_ 

_ 

0 

0.0 

U.P. 

90 

ARA-E 

.63 

.76 

6,000 

15 

1 

- 

2 

18 

30.0 

C.I.&  L. 

90 

ARA-B 

.  - 

- 

4,000 

1 

.  - 

- 

_ 

1 

2.5 

C.&  0. 

90 

AEA-B 

.59 

.72 

31,250 

4 

3 

1 

15 

23 

7.3 

Erie 

90 

ARA-B 

.62 

.76 

9,078 

32 

- 

25 

11 

68 

74.9 

N.P. 

90 

ASCE 

.60 

.73 

10,500 

3 

- 

1 

3 

7 

6.6 

CCC&St.L. 

90 

ASCE 

m 

- 

1,850 

9 

- 

„ 

1 

10 

54.1 

D.&  I.R. 

90 

ASCE 

.60 

.73 

4,149 

1 

_ 

_ 

_ 

1 

2.4 

T.&  O.C. 

90 

S.F. 

.63 

.76 

6,745 

2 

- 

_ 

_ 

2 

3.0 

A.T.&S.F. 

100 

ARA-A 

.70 

.80 

7,123 

7 

m 

2 

7 

16 

22.4 

B.&  0. 

100 

AEA-A 

.64 

.77 

5,000 

1 

1 

- 

5 

7 

14.0 

C.B.&  Q. 

100 

ARA-A 

.  - 

- 

3,012 

1 

1 

- 

_ 

2 

6.6 

C.&  E.I. 

100 

ARA-A 

.63 

.76 

17,446 

9 

1 

- 

1 

11 

6.3 

C.R.I.&P. 

100 

ARA-B 

- 

- 

6,000 

3 

1 

- 

1 

5 

8.3 

C.&  0. 

100 

ASCE 

.62 

.75 

3,673 

4 

_ 

1 

1 

6 

16.3 

M.C. 

100 

P.S. 

.62 

.75 

3,325 

10 

- 

- 

15 

25 

75.2 

Pa.-S.W. 

100 

P.S. 

.62 

.75 

10,780 

5 

3 

- 

1 

9 

8.0 

Pa.-N.W. 

100 

P.S. 

,62 

.75 

5,954 

5 

- 

- 

1 

6 

10.0 

Vandalia 

Totals 

219.441 

172 

21 

54 

108 

355 

16.2 

1913 

80 

ASCE 

.53 

.66 

1,638 

- 

- 

- 

- 

0 

0.0 

B.&O.C.T. 

80 

ASCE 

.65 

.68 

4,151 

- 

- 

- 

_ 

0 

0.0 

L.E.&  W. 

80 

ASCE 

.55 

.68 

2,850 

1 

- 

- 

- 

1 

3.5 

L.S.&M.S. 

80 

ASCE 

.55 

.68 

2,677 

- 

2 

1 

3 

6 

23.3 

T.&  O.C. 

85 

ARA-A 

.59 

.72 

14,701 

3 

- 

- 

- 

3 

2.1 

MSP&SStM  . 

85 

ASCE 

.58 

.71 

8,141 

- 

- 

- 

1 

1 

1.2 

C.I.&  S. 

85 

ASCE 

.58 

.71 

1,350 

- 

- 

- 

1 

1 

7.4 

I.H.Beit 

85 

P.S. 

.62 

.75 

1,202 

- 

- 

- 

1 

1 

8.3 

G.R.&  I. 

90 

ARA-A 

.63 

.76 

3,578 

- 

- 

3 

1 

4 

11.1 

B.&  0. 

90 

AEA-A 

.62 

.75 

25,000 

8 

1 

1 

29 

39 

15.6 

C.B.&  Q. 

90 

ARA-A 

.59 

.72 

7,755 

3 

- 

- 

- 

3 

3.9 

C.&  E.I. 

90 

AEA-A 

.63 

.76 

13,076 

1 

- 

- 

- 

1 

o.7 

C.R.I.&P. 

90 

AEA-A 

.63 

.76 

11,863 

7 

2 

3 

11 

23 

19.3 

i.e. 

90 

ARA-A 

.63 

.76 

7,990 

1 

- 

- 

- 

1 

1.3 

U.P. 

90 

ARA-B 

- 

- 

2,000 

- 

_ 

_ 

_ 

0 

0.0 

C.&  0. 

90  AKA-B 

.63 

.76 

4,000 

- 

- 

- 

3 

7.5 

C.I.&  L. 

RAIL  FAILURE  STATISTICS. 
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Table  5  - 

Sheet   11 

- 

Total  Eail  Failures  From  Bate  Rolled   to 

October  31et, 

1914. 

Lbs. 

Spec . 

Failures 

Tear 

Rolled 

Per 
Yard 

Seot'n 

Carbon 

Tons 
Laid 

Total  Failures  To 

Date 

Per  10  U 
Tons 

Railroad 

Min| Max 

Head 

Web 

Base 

Brkn 

Total 

Opei 

l  Hearth 

-   ILLINOIS   STEEL  COMPANY   -  Continued 

1913 

90 

ARA-B 

.62 

.75 

23,475 

16 

1 

_ 

8 

25 

10.6 

N.P. 

90 

ASCE 

.60 

.73 

12,600 

- 

- 

1 

3 

4 

3.1 

CCC&  StL, 

90 

ASCE 

.60 

.73 

5,503 

- 

1 

- 

- 

I 

1.8 

T.&  O.C. 

90 

G.N. 

.59 

.72 

14,590 

5 

1 

10 

2 

18 

12.3 

G.N. 

90 

S.F. 

.63 

.76 

13,480 

4 

- 

- 

2 

6 

4.4 

A.T.&S.F, 

100 

ARA-A 

.63 

.76 

9,074 

2 

- 

- 

1 

3 

3.3 

B.&  0. 

100 

ARA-A 

.64 

.77 

5,000 

1 

- 

- 

- 

1 

2.0 

C.B.&   Q. 

100 

ARA-A 

.62 

.75 

1,939 

1 

- 

- 

- 

1 

5.1 

C.&  E.I. 

100 

ARA-A 

.63 

.76 

9,331 

5 

_ 

- 

- 

5 

5.4 

C.P.I.&P 

100 

ARA-A 

.63 

.76 

4,500 

2 

- 

1 

- 

3 

6.6 

Erie 

100 

ARA-B 

.    - 

- 

4,300 

3 

1 

- 

- 

4 

9.3 

C.&  0.  . 

100 

ASCE 

.62 

.75 

15,288 

- 

- 

c 

6 

8 

5.2 

L.S.&U.S 

*100 

ASCE 

.62 

.75 

2,000 

- 

_ 

_ 

_ 

0 

0.0 

L.S.&K.S 

100 

ASCE 

.62 

.75 

15,567 

4 

_• 

- 

3 

7 

4.5 

V.C. 

100 

P.S. 

.62 

.75 

13,246 

2 

1 

- 

2 

5 

4J0 

Pa.-I-.W. 

100 

P.S. 

.62 

.75 

2,322 

3 

- 

_ 

2 

5 

21.5 

Pa.-S.W. 

100 

P.S. 

.62 

.75 

9.487 

6 

- 

- 

- 

6 

6.3 

Vandalia 

Totals 

273,574 

81 

10 

22 

76 

189 

1914 

80 

ASCE 

.55 

.68 

2,052 

- 

_ 

- 

m 

0 

0.0 

l.s.&i:.: 

80 

ASCE 

.55 

.68 

1,573 

- 

_ 

_ 

_ 

0 

0.0 

1!.C. 

80 

ASCE 

.55 

.68 

1,578 

- 

- 

- 

- 

0 

0.0 

T.&  O.C. 

8b 

ARA-A 

.59 

.72 

12 , 930 

- 

- 

- 

m 

0 

0.0 

msp&ssu; 

85 

ASCE 

.58 

.71 

1,770 

- 

- 

- 

- 

0 

0.0 

C.I. 4-   S. 

90 

ARA-A 

.62 

.75 

17,500 

- 

- 

_ 

- 

0 

0.0 

C.B.&   Q. 

90 

ARA-A 

.63 

.76 

27,100 

- 

- 

_ 

_ 

C 

0.0 

i.e. 

90 

ARA-B 

.60 

.73 

4,600 

- 

- 

- 

_ 

0 

0.0 

C.&   0. 

90 

ARA-B 

.62 

.75 

13,906 

1 

- 

- 

_ 

1 

0.7 

:i.p. 

90 

ASCE 

.60 

.73 

7,875 

1 

- 

_ 

- 

1 

1.2 

CCC&St.l 

90 

ASCE 

.60 

.73 

1,050 

.  - 

- 

- 

_ 

0 

•0.0 

T.&  O.C. 

90 

G.N. 

.69 

.72 

9,010 

1 

_ 

_ 

- 

1 

1.0 

C.N. 

100 

ARA-A 

.63 

.76 

4,773 

- 

- 

_ 

- 

0 

0.0 

E.&  0. 

100 

APA-A 

.64 

.77 

7,500 

- 

- 

- 

- 

0 

0.0 

C.B.&   Q. 

100 

AFA-A 

.63 

.76 

3,150 

- 

- 

- 

- 

0 

0.0 

C.I.&  L. 

100 

ARA-A 

.63 

76 

7,232 

- 

- 

- 

- 

0 

0.0 

C.E.I.&P 

100 

ARA-B 

.6£ 

.75 

3,100 

7 

- 

- 

- 

7 

22.6 

C.&  0. 

,100 

ASCE 

.62 

.75 

10,340 

- 

- 

- 

- 

0 

0.0 

L  .;  .£1!  ,2 

100 

ASCE 

.62 

.75 

3,680 

- 

- 

1 

- 

1 

2.7 

B.C. 

100 

P.S. 

.62 

.75 

13,126 

- 

- 

_ 

- 

0 

CO 

Pa.-N.W. 

100 

P.S. 

.45 

.55 

5.808 

- 

- 

- 

- 

0 

0.0 

Tandalia 

Totals 

159.053 

10 

- 

1 

- 

11 

0.6 

Open  He 

arth  -  Lj 

iCXAZi 

LNHA 

STEP] 

j   COMJ 

3  ANY 

1909 

85 

P.S. 

.621  .75 

6,920 

16 

2 

1 

1 

20 

28.9 

P. P.P. 

91 

DL&W. 

.70    .83 

5,956 

6 

- 

1 

IS 

22 

3  6  .  C 

I.L.&  W. 

100 

P.S. 

.62 | .75 

1.723 

35 

4 

- 

42 

81 

470.1 

P.R.R. 

Totals 

14,599 

57 

6 

£ 

58 

'123 

1910 

85 

ASCE 

.63 

.76 

2,000 

1 

- 

5 

2 

8 

40.0 

B.&  M. 

85 

P.S. 

.62 

.75 

3,990 

14 

2 

_ 

5 

21 

52.6 

P.R.R. 

90 

G.N. 

.62 

.75 

10,830 

67 

1 

23 

23 

114 

105.3 

G.H. 

91 

DL&W. 

.67 

.80 

4,255 

11 

- 

4 

16 

31 

72.9 

L.L.&   57. 

100 

Dudley 

.62 

.75 

6,482 

5 

- 

1 

2 

6 

12.3 

NYC&  HP. 

100 

P.S. 

.62 

.75 

3,348 

6 

3 

_ 

2 

11 

32.8 

P.R.R. 

Totals 

30,905 

104 

6 

33 

50 

193 

1911 

60 

Dudley 

.55 

.68 

17,834 

7 

1 

6 

22 

36 

20.2 

HYC&  H3. 

85 

P.S. 

.62 

.75 

1,615 

1 

- 

- 

1 

2 

12.4 

P.R.R. 

90 

ASCE 

.70 

.85 

1,564 

6 

1 

7 

- 

14 

89.5 

L.V. 

91 

DL&W. 

.67 

.80 

12,485 

13 

4 

7 

22 

46 

36.6 

D.L.&  W. 

100 

ARA-A 

.63 

.76 

1,072 

29 

2 

1 

1 

33 

307.6 

L.V. 

100 

Dudley 

.62 

.76 

7,013 

7 

3 

1 

3 

14 

20.0 

B.&  A. 

100 

Dudley 

.62 

.75 

12,549 

7 

1 

5 

12 

25 

19.9 

KYC&  HP. 

100 

P.S. 

.62 

.75 

2,079 

22 

4 

- 

18 

44 

211.0 

P.E.R. 

101 

DL&W. 

.70 

.e3 

3.369 

17 

2 

1 

5 

25 

•    74.2 

D.L.&  W. 

Totals 

59,560 

109 

18 

28 

64 

239 

1918 

72 

N.P. 

.62  1.65 

3,404 

_ 

- 

_ 

_ 

0 

0.0 

N.P. 

80 

Dudley 

.55  Li8 

20,000 

36 

2 

1 

15 

54 

27.0 

11YC&  HP. 

85 

ASC2 

.65 1 .78 

4,400 

- 

- 

- 

- 

0 

0.0 

B.i  U. 

Ferro  Titanium  Alloy  Audod 
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Table  6  - 

Sheet  12 

Total  Rail  Pe 

jate  Rolled  to 

October  31et,  1914. 

tiluree  From  ] 

LbB. 

Spec. 

Failures 

Year 
Boiled 

Per 
Tfird 

Sect'n 

Carbon 

Tons 
Laid 

Total  Failures  To 

Date 

Per  10  M 

Tons 

Railroad 

Min  lUaz 

Head 

Web 

Base 

Brkn  iTotal 

Open  Hearth  • 

-  LACKAWAHBA  STEEL 

COUP ANT  - 

Continued 

1912 

90 

ARA-B 

.59 

.72 

9,886 

1 

1 

_ 

_ 

2 

2.0 

Erie 

90 

ASCE 

.62 

.75 

2,604 

8 

1 

- 

6 

15 

69.9 

P.&  R. 

90 

Dudley 

.60 

.73 

2,600 

- 

- 

- 

- 

0 

0.0 

Rutland. 

90 

G.N. 

.62 

.76 

38,130 

13 

- 

3 

- 

16 

4.2 

G.N. 

100 

ARA-A 

.63 

.76 

5,786 

72 

4 

- 

- 

76 

181.3 

L.V. 

100 

Dudley 

.62 

.75 

12,965 

4 

1 

1 

2 

8 

6.2 

B.&  A. 

100 

Dudley 

.62 

.75 

35,645 

3 

- 

1 

1 

5 

1.4 

HYC  &HR. 

100 

P.S. 

.62 

.76 

3,420 

14 

£ 

- 

12 

28 

61.7 

P.R.E. 

101 

DL&W 

.70 

.83 

14.230 

4 

1 

1 

2 

8 

5.6 

D.L.&  W. 

.  Totals 

152.769 

166 

12 

7 

36 

212 

13.9 

1913 

eo 

ARA-A 

.53 

.66 

2,160 

- 

- 

- 

- 

0 

0.0 

H  .Y  .S  .&W . 

eo 

ASCE 

.55 

.68 

4,400 

- 

- 

- 

- 

0 

0.0 

L.S.&  M.S 

80 

Dudley 

.55 

.68 

22,559 

- 

1 

2 

1 

4 

1.8 

NYC&  HE. 

85 

ASCE 

.65 

.78 

8,602 

- 

— 

2 

1 

3 

3.4 

B.&  11. 

90 

ARA-A 

.59 

.72 

6,000 

- 

• 

- 

3 

3 

6.0 

C.B.&  Q. 

90 

ASCE 

.62 

.75 

2,996 

16 

8 

- 

22 

41 

136.7 

P.&  R. 

90 

G.N. 

.62 

.76 

16,180 

6 

- 

1 

- 

6 

3.9 

G.N. 

91 

DL&W. 

.67 

.80 

1,491 

- 

- 

- 

- 

0 

0.0 

D.L.&  W. 

100 

AEA-A 

.63 

.76 

1,463 

_ 

- 

- 

- 

0 

0.0 

C.R.I.&P. 

100 

ARA-A 

.63 

.76 

8,000 

1 

- 

- 

_ 

1 

1.2 

Erie 

100 

ARA-A 

.63 

.76 

8,328 

93 

- 

1 

8 

97 

116.5 

L.Y. 

100 

ASCE 

.62 

.75 

6,360 

3 

at 

- 

7 

10 

18.7 

M.C. 

ioo 

P.S. 

.62 

.75 

11,094 

2 

- 

1 

2 

5 

4.5 

P.R.B. 

101 

DL&W. 

.67 

.80 

11,780 

- 

_ 

- 

- 

0 

0.0 

D.L.&  W. 

106 

Dudley 

.62 

.75 

8,585 

- 

- 

_ 

- 

0 

0.0 

B.fc  A. 

105 

Dudley 

.62 

.75 

42.884 

3 

1 

11 

- 

15 

3.5 

NYC&  HE. 

Totals 

169.846 

123 

5 

18 

39 

185 

11.6 

1914 

65 

ASCE 

.63 

.76 

6,000 

- 

- 

- 

- 

0 

0.0 

Me.C. 

90 

ARA-A 

.59 

.72 

3,000 

- 

- 

- 

- 

0 

0.0 

C.B.&  Q. 

90 

ASCE 

.67 

.80 

3,009 

- 

- 

- 

- 

0 

0.0 

P.&  S. 

91 

DL&W. 

.64 

.77 

3,660 

- 

- 

- 

- 

0 

0.0 

D.L.&  W. 

100 

ARA-A 

.63 

.76 

4,056 

- 

_ 

- 

- 

0 

0.0 

L.V. 

100 

P.S. 

.62 

.75 

3,336 

- 

- 

- 

_ 

0 

0.0 

P.R.E. 

101 

DL&W. 

.64 

.77 

4,431 

- 

- 

- 

- 

0 

0.0 

D.L.&  W. 

105 

Dudley 

.62 

.75 

5,070 

- 

- 

- 

- 

0 

0.0 

B.i  A. 

105 

Dudley 

.62 

.75 

30.908 

1 

- 

- 

- 

1 

0.3 

NYC&  HE. 

Totals 

62,472 

1 

- 

- 

- 

1 

0.2 

Open 

Hearth  - 

MART 

LAUD 

STEE] 

i  COW 

'ANY 

1910 

60 

ASCE 

.62 

.79 

7,430 

2 

1 

_ 

1 

4 

5.4 

HYBH&  H. 

65 

ASCE 

.55 

.68 

9,000 

9 

4 

- 

12 

25 

27.7 

A. CI. 

85 

ASCE 

.59 

.72 

4,600 

5 

5 

18 

1 

29 

60.4 

B.&  K. 

65 

P.S. 

.62 

.75 

1,596 

6 

2 

- 

- 

8 

50.1 

P.R.R. 

90 

ARA-B 

.65 

.60 

3,437 

81 

2 

2 

CI 

136 

395.3 

B.&  0. 

100 

ARA-A 

.62 

.76 

2,019 

1 

- 

- 

2 

3 

14.8 

C.of  N.J. 

100 

P.S. 

,62 

.75 

1,248 

14 

3 

■> 

8 

25 

200.3 

P.R.R. 

Totals 

29,530 

118 

17 

20 

75 

230 

77.8 

1911 

85 

ASCE 

.55 

.66 

11,000 

1 

4 

2 

1 

8 

7.3 

A.C.L. 

85 

ASCE 

.59 

.72 

13,300 

1 

m 

4 

6 

11 

8.3 

B.&  H. 

85 

P.S. 

.62 

.75 

1,750 

3 

5 

- 

4 

12 

68.6 

P.R.R. 

90 

ARA-B 

.65 

.80 

3,839 

9 

1 

- 

12 

22 

67.3 

B.&  0. 

100 

ARA-B 

.70 

.80 

2,967 

16 

2 

- 

13 

31 

104.3 

B.&  0. 

100 

ARA-B 

.62 

.75 

3,000 

9 

1 

- 

20 

30 

100.0 

C.&  0. 

100 

ARA-B 

.62 

.75 

6,216 

27 

3 

- 

4 

34 

64.7 

H.&  W. 

100 

HYHH. 

.62 

.75 

8,500 

B 

1 

6 

10 

26 

29.4 

B.&  11. 

100 

P.S. 

.62 

.76 

1.590 

2 

- 

- 

5 

7 

44.0 

P.R.R. 

Totals 

52,162 

76 

17 

12 

75 

160 

34.5 

1912 

66 

ASCE 

.55 

.68 

4,650 

- 

- 

0 

0.0 

A.C.L. 

85 

ASCE 

.40 

.50 

3,370 

- 

- 

- 

1 

1 

3.0 

Southern 

100 

P.S. 

.62 

.75 

1,477 

2 

1 

- 

- 

3 

20.3 

P.R.E. 

Totals 

9,497 

2 

1 

- 

1 

4 

4.2 

1913 

80 

ASCE 

.58 

.71 

3,446 

_ 

0 

0.0 

NTNH&  H. 

85 

ASCE 

.55 

.66 

5,950 

- 

- 

- 

- 

0 

0.0 

A.C.L. 

85 

ASCE 

.62 

.75 

2,011 

1 

- 

- 

- 

1 

4.9 

N.&  W. 

65 

ASCE 

.40 

.50 

6,289 

1 

- 

- 

- 

1 

1.6 

Southern 

100 

ARA-B 

.63 

.76 

10,152 

31 

2 

1 

24 

58 

67.1 

B.&  0. 

100 

ABA-B 

.62 

.75 

5,622 

1 

- 

- 

^   "■ 

1 

1.8 

B.&  W. 

100 

P.S. 

.62 

.75 

7.055 

9 

5 

2 

3 

19 

26.9 

P.R.R. 

Totals 

■  40,525 

43 

7 

3 

27 

80 

19.7 

RAIL  FAILURE  STATISTICS. 
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Table  t>  - 

Sheet  13 

Total  Bail  FailureB  Prom  Date  Rolled  to 

October  31 

Jt,  1914. 

Lbs. 

Spec . 

/ 

Failures 

Year 
Polled 

Per 
Yard 

Sect'n 

Carbon 

Tons 
Laid 

Total  Failures  To 

Date 

Per  10  U 

Tons 

Railroad 

Uic 

V.<X7. 

Head 

Web 

Base 

Brim 

Total 

1914 

80 

ASCE 

.53 

.66 

2,169 

_ 

_ 

_ 

_ 

0 

0.0 

NYNH&  H. 

85 

ASCE 

.55 

.68 

17,900 

- 

- 

- 

- 

0 

0.0 

A.C.L. 

100 

P.S. 

.62 

.75 

18,619 

1 

1 

i 

- 

3 

1.6 

P.P.E. 

Totals 

38,688 

1 

1 

l 

- 

3 

0.8 

Open  Hearth  -  PENNSYLVANIA  STEEL  COMPANY 

1909 

80 

ASCE 

.  _ 

_ 

2,999 

- 

5 

l 

4 

10 

33.3 

C.N.E. 

85 

ASCE 

.62 

.75 

6,000 

6 

4 

- 

- 

10 

16.6 

H.&  W. 

85 

P.S. 

.62 

.75 

6,242 

16 

12 

l 

7 

36 

57.7 

P.R.P.. 

90 

ASCE 

.70 

.85 

2,500 

3 

1 

- 

7 

11 

44.0 

P.&  R. 

90 

g.h. 

.59 

.72 

2,838 

33 

6 

- 

4 

43 

151.5 

G.N. 

100 

AEA-A 

.70 

.85 

1,513 

2 

1 

- 

4 

7 

46.3 

C.of  H.J. 

100 

ASCE 

.  - 

- 

4,177 

- 

4 

- 

1 

5 

11.9 

L.I. 

100 

NYNH&B 

.70 

.90 

4,405 

3 

5 

- 

4 

12 

27.3 

HYHH&  H. 

100 

P&E. 

.70 

.85 

2,500 

42 

3 

- 

2 

47 

188.0 

P.&  £. 

100 

P.S. 

- 

- 

2,441 

2 

15 

- 

1 

18 

73.8 

Cumb.V. 

100 

P.S. 

.62 

.75 

6.294 

32 

30 

- 

32 

94 

149.3 

P.R.E. 

Totals 

41.909 

139 

86 

2 

66 

293 

69.9 

1910 

75 

ASCE 

.52 

.65 

6,233 

3 

1 

23 

72 

99 

158.8 

B.&  li. 

80 

ASCE 

.70 

.85 

4,070 

- 

45 

- 

6 

51 

125.3 

NYNH&  E. 

85 

ASCE 

.62 

.75 

13,500 

12 

3 

- 

12 

27 

20.0 

H.&  V. 

85 

P.S. 

.62 

.75 

5,444 

1 

8 

1 

6 

16 

29.4 

P.R.E. 

90 

ASCE 

.70 

.85 

3,564 

2 

- 

- 

1 

3 

8.4 

P.&  R. 

100 

AEA-A 

.70 

.85 

2,403 

9 

- 

- 

8 

17 

70.7 

C.ofN.J. 

100 

NYNH&H 

.70 

.85 

5,432 

2 

67 

- 

7 

76 

139.9 

NYNH&  E. 

100 

P.&R. 

.70 

.85 

10,000 

12 

8 

1 

11 

32 

32.0 

P.&  E. 

100 

P.S . 

.  - 

- 

1,977 

4 

- 

- 

- 

4 

20.0 

Cum.V. 

100 

P.S. 

.62 

.75 

11:540 

94 

23 

1 

58 

176 

152.5 

P.R.E. 

Totals 

64.163 

139 

155 

26 

181 

501 

78.1 

1911 

80 

ASCE 

.70 

.85 

1,620 

- 

8 

2 

- 

10 

61.7 

nynh&  h. 

90 

ASCE 

.70 

.85 

3,500 

13 

2 

1 

43 

59 

168.5 

P.&  R. 

100 

ARA-A 

.70 

.85 

1,649 

2 

- 

1 

7 

10 

60.6 

C.of  H.J, 

100 

NYNH&H 

.70 

.85 

4,916 

- 

6 

4 

8 

18 

36.6 

NYNE&  H. 

100 

P.&R. 

.70 

.85 

6,500 

5 

1 

- 

4 

10 

15.3 

P.&  R. 

100 

P.S. 

.  - 

- 

1,038 

- 

- 

- 

- 

0 

0.0 

Cvucb.V. 

100 

P.S. 

.62 

.75 

3,865 

9 

1 

2 

9 

21 

54.3 

101 

DL&W . 

.70 

.83 

1.788 

- 

1 

- 

1 

2 

11.2 

D.L.&W. 

Totals 

24,876 

2  9 

19 

10 

72 

130 

52.3 

1912 

72 

N.P. 

.52 

.65 

1,757 

- 

- 

- 

- 

0 

0.0 

N.P. 

85 

ASUE 

.  - 

- 

5,990 

- 

2 

- 

- 

2 

3.3 

A.C.L. 

85 

ASCE 

.62 

.75 

4,485 

- 

2 

- 

2 

4 

8.9 

H.&  W. 

90 

ASCE 

.67 

.80 

6,504 

3 

1 

- 

10 

14 

21.5 

P.&  B. 

90 

G.N. 

.59 

.72 

24,148 

4 

1 

2 

19 

26 

10.8 

G.N. 

100 

AEA-A 

.70 

.85 

6,373 

- 

- 

- 

- 

0 

0.0 

C.of  H.J, 

100 

ABA-B 

- 

1,000 

_ 

- 

- 

- 

0 

0.0 

C.&  0. 

100 

ARA-B 

.62 

.75 

2,175 

1 

- 

_ 

- 

1 

4.6 

N.&  W. 

100 

ARA-B 

.62 

.75 

2,048 

- 

- 

- 

4 

4 

19.5 

H.P. 

100 

P.&R. 

.67 

.80 

9,951 

7 

1 

- 

7 

15 

15.0 

P.&  R. 

100 

P.S. 

- 

2,071 

1 

- 

- 

- 

1 

5.0 

Cumb  .V . 

100 

P.S. 

.62 

.75 

4,941 

10 

- 

- 

Z 

12 

24.3 

P.R.R. 

101 

DL&W. 

.62 

.75 

2.202 

- 

- 

- 

- 

0 

0.0 

D.L.&  W. 

Totals 

73.645 

26 

7 

2 

44 

79 

10.7 

1913 

72 

II. P. 

.52 

.65 

8,984 

- 

- 

- 

- 

0 

0.0 

N.P. 

80 

ASCE 

,  - 

- 

1,005 

- 

- 

- 

- 

0 

0.0 

C  .N  .E . 

80 

ASCE 

.58 

.71 

1,265 

- 

- 

- 

_ 

0 

0.0 

NTNH&  H. 

85 

ASCE 

.55 

.68 

1,010 

- 

- 

_ 

- 

0 

0.0 

A.C.L. 

90 

ARA-B 

.59 

.72 

10,442 

- 

- 

_ 

_ 

0 

0.0 

H.P. 

90 

ARA-B 

.62 

.75 

1,045 

- 

- 

S 

4 

7 

67.0 

N.P. 

90 

G.N. 

.59 

.72 

4,882 

3 

1 

B 

3 

10 

20.5 

G.H. 

100 

ABA -A 

.70 

.85 

3,882 

3 

- 

_ 

- 

3 

7.7 

C.of  N.J. 

100 

ARA-A 

.63 

.76 

10,306 

12 

- 

2 

_ 

14 

13.6 

L.V. 

100 

AEA-B 

.62 

.75 

1,904 

- 

_ 

- 

3 

3 

15.8 

N.P. 

100 

HYKH 

.63 

.76 

3,550 

- 

- 

1 

- 

1 

2.8 

B.&  U. 

100 

nyhhah 

.65 

.78 

10,920 

- 

4 

1 

1 

6 

5.5 

NYNH&  H. 

100 

P.&R. 

.67 

.80 

18,988 

3 

- 

- 

1 

4 

2.1 

P.&  R. 

100 

P.S. 

- 

- 

1,536 

- 

- 

- 

- 

0 

0.0 

Cumb.V. 

100 

P.S.. 

.62 

.75 

7,757 

5 

- 

- 

- 

5 

6.4 

P.R.E. 

101 

DL&W. 

- 

- 

7,980 

1 

- 

- 

3 

4 

5.0 

BL&  W. 

Totals 

89,466 

27 

5 

10 

15 

57 

6.3 
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Table   5 

-  Sheet   14 

Total  Bail  Failures  Prom  Date 

Rolled  to 

October  31st 

,    1914. 

Lbs. 

Spec. 

Failures 

Year 
Rolled 

Per 
Yard 

Sect'n 

Carbon 

Tons 
Laid 

Total  Failures  To 

Date 

Per  10  U 

Tons 

Railroad 

Min  |Hax 

Head 

Web 

Base 

Brim 

Total 

Open  Hearth 

-   PENNSYLVANIA   STEEL   COIfPAJO 

-  Cont 

mued 

1914 

75 

B.&M. 

.53 

.63 

1,920 

- 

_ 

_ 

_ 

0 

0.0 

B.&  M. 

85 

ASCE 

.63 

.76 

1,490 

- 

- 

- 

- 

0 

0.0 

B.&    M. 

90 

ARA-B 

.59 

.72 

3,192 

- 

m 

- 

- 

0 

0.0 

N.P. 

90 

ASCE 

.67 

.80 

1,003 

- 

- 

- 

_ 

0 

0.0 

P.&   R. 

90 

G.N. 

.59 

.72 

1,605 

- 

_ 

- 

1 

1 

6.6 

G.N. 

100 

NYNH. 

.63 

.76 

1,572 

- 

- 

- 

- 

0 

0.0 

B.t   H. 

100 

NYNH&H 

.63 

.76 

4,480 

- 

- 

- 

- 

0 

0.0 

NYNH&  H. 

100 

P.&E. 

.67 

.80 

5,526 

- 

- 

_ 

- 

0 

0.0 

P.&   E. 

100 

P.S. 

.62 

.75 

4,834 

1 

_ 

- 

- 

1 

2.1 

P.R.R. 

101 

DL&57. 

m     m 

M 

4,376 

_ 

1 

• 

2 

z 

6.9 

D.L.4    W. 

Totals 

29.898 

1 

1 

_. 

3 

5 

1.6 

Open  -Hearth  - 

TENNESSEI 

!  COAL,    IRON  & 

RAILROAD   COHPAHY 

1909 

75 

ASCE 

.52 

.66 

5,366 

2 

6 

12 

5 

25 

46. '6 

Southern 

80 

ASCE 

.59 

.72 

9,100 

2 

- 

2 

1 

5 

5.5 

C.   of  G. 

80 

ASCE 

.59 

.72 

8,035 

18 

- 

1 

2 

21 

26.1 

Southern 

85 

ASCE 

.55 

.68 

10,000 

_ 

- 

- 

2 

2 

2.0 

A.C.L. 

85 

ASCE 

.59 

.72 

5,013 

24 

l. 

- 

2 

26 

51.9 

C.C.&  0. 

85 

ASCE 

.    - 

- 

3,682 

1 

3 

- 

2 

6 

16.8 

M.&  0. 

85 

ASCE 

.59 

.72 

28,396 

358 

5 

2 

34 

399 

140.6 

Southern 

90 

ARA-A 

.63 

.76 

4,950 

5 

- 

- 

1 

6 

12.1 

G.H.&S.A. 

90 

AHA -A 

.63 

.76 

2,111 

3 

- 

- 

- 

3 

14.2 

T.&  D.O. 

90 

C.S. 

.62 

.75 

3f400 

15 

- 

m 

1 

16 

47.0 

C.   of  G. 

Totals 

80.053 

428 

14 

17 

50 

509 

1910 

80 

ASCE 

.59 

.72 

3,000 

1 

1 

- 

1 

3 

10.0 

C.   of  G. 

80 

ASCE 

.55 

.68 

24,655 

55 

7 

16 

12 

90 

36.5 

L.&  N. 

85 

ASCE 

.65 

.68 

15,000 

- 

1 

- 

— 

1 

0.7 

A.C.L. 

85 

ASCE 

- 

- 

7,051 

2 

1 

_ 

4 

7 

9.9 

U.&    0. 

85 

ASCE 

.59 

.72 

24,635 

166 

15 

20 

32 

233 

94.7 

Southern 

85 

ASCE 

.59 

.72 

8,353 

31' 

3 

_ 

6 

40 

47  18 

StL&  SF. 

90 

AEA-A 

.58 

.71 

1,000 

8 

- 

- 

-• 

8 

80.0 

C.    of  G. 

90 

AEA-A 

.63 

.76 

10,074 

12 

- 

- 

- 

12 

11.9 

G.e.icSi. 

90 

ARA-A 

.63 

.76 

4,216 

9 

- 

- 

_ 

9 

21.4 

H.&  T.   C. 

90 

ARA-A 

.63 

.76 

3,552 

3 

_ 

3 

1 

7 

19.7 

U.L.&T&S; 

90 

ARA-A 

- 

- 

16,725 

22 

3 

1 

3 

29 

17.3 

S.P.  ' 

90 

ARA-A 

.63 

.76 

6.379 

2 

- 

- 

- 

2 

3.7 

T.4   N.O. 

Totals 

123.640 

311 

31 

40 

59 

441 

. 

1911 

75 

C.S. 

.55 

.68 

2,218 

- 

- 

- 

- 

0 

0.0 

H.&   T.C.- 

75 

C.S. 

.55 

.68 

2,800 

- 

- 

- 

0 

0.0 

M.L.&T.&S 

80 

ASCE 

.58 

.71 

7,000 

- 

- 

- 

- 

0 

0.0 

C.    of   G. 

85 

ASCE 

.55 

.68 

15,000 

1 

1 

- 

- 

E 

1.3 

A.C.L. 

85 

ASCE 

.   _ 

- 

2,477 

1 

- 

- 

2 

3 

12.1 

M.4  0. 

85 

ASCE 

.59 

.72 

31,829 

69 

5 

7 

16 

97 

30.5 

Southern 

85 

ASCE 

.69 

.72 

6,602 

9 

1 

- 

9' 

19 

28.7 

StL4  SF. 

90 

AJRA-A 

.68 

.71 

3,000 

8 

- 

- 

1 

9 

30.0 

C.   of  G. 

90 

ARA-A 

.63 

.76 

3,117 

3 

- 

- 

- 

3 

9.6 

H.&T.C. 

90 

ARA-A 

.63 

.76 

1,000 

1 

- 

- 

1 

2 

20.0 

M.L.&T&S. 

90 

ARA-A 

.63 

.76 

8,999 

20 

6 

2 

3 

31 

34.5 

i.e. 

90 

ABA-A 

_ 

- 

1,415 

1 

- 

- 

- 

1 

7.1 

S.P. 

90 

AE4-_A 

.63 

-.76 

3,373 

- 

- 

- 

- 

0 

0.0 

T.&   N.O. 
C.   of  G. 

Totals 

68,830 

113 

13 

9 

32 

167 

1912 

80 

ASCE 

.58 

.71 

1,800 

3 

- 

1 

Z 

7 

38.9 

80 

ASCE 

;66 

.68 

10,266 

6 

2 

- 

4 

12 

11.7 

L.&  N. 

85 

ASCE 

.55 

.68 

11,980 

2 

1 

- 

4 

7 

5.8 

A.C.L. 

85 

ASCE 

.59 

.72 

8,423 

7 

- 

- 

7 

14 

16.6 

StL&  SF. 

85 

ASCE 

.59 

.72 

22,024 

45 

2 

10 

8 

65 

29.5 

Southern 

90 

AEA-A 

.68 

.71 

2,000 

1 

1 

1 

- 

3 

15.0 

C.   of  G. 

90 

ARA-A 

.63 

.76 

1,727 

2 

- 

- 

- 

2 

11.5 

B.H.&S.A. 

90 

AEA-A 

.63 

.76 

16,903 

26 

2 

71 

51 

150 

88.7 

i.e. 

90 

AEA-A 

_ 

_ 

1,191 

,- 

- 

- 

1 

1 

8.4 

S.P. 

90 

ARA-B 

.60 

.73 

31,465 

1? 

e 

1 

5 

33 

10.5 

L.fc   N. 

90 

ASCE 

.59 

.72 

Yi'fiOO 

3 

- 

- 

10 

13 

10.0 

StL&   SF. 

90 

S.F. 

.63 

.76 

8.733 

6 

- 

- 

- 

5 

5.7 

A.T.&S.F. 

Totals 

129,612 

119 

16 

84 

93 

312 

1913  . 

75 

C.S.        .55 

.68 

5,020 

- 

- 

- 

- 

0 

0.0 

G.H.&    S.A 

80 

ASCE 

.58 

.71 

5,300 

2 

- 

- 

- 

E 

3.8 

C.    of  G. 

80 

ASCE 

.63 

.66 

9,251 

1 

- 

- 

1 

2 

2.1 

L.&  N. 

85 

ASCE 

.66 

.68 

14,940 

- 

- 

- 

- 

0 

0.0 

A.C.L. 

86 

ASCE 

.   _ 

- 

1,228 

- 

- 

- 

- 

0 

0.0 

M.&   0. 

85 

ASCE 

.69 

.72 

25,814 

15 

1 

2 

2 

20 

7.7 

Southern 
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Table  6  - 

Sheet  16 

Total  Bail  Failures  Trom  Date  Boiled  to 

Ootober  31st,   1914. 

Lbs. 

Spec. 

Failures 

Year 

Soiled 

Per 
Yard 

Seot'r 

Carbon 

Tone 
Laid 

Total  Failures   To 

Bate 

Per  10  M 
Tons 

Railroad 

MinjMai 

Head | Web | BaBe 

Brim 

Total 

Open  Hearth  -  TEBBI 

:ssee  COAJ 

i,   IBOH  &  BAIBBOAD  COMPANY  -  Continued 

1913 

90 

ABA-A 

.68 

.71 

2,200 

1 

_ 

_ 

1 

4.6 

C.   of  G. 

90 

ABA-A 

.63 

.76 

7,179 

- 

_ 

_ 

0 

0.0 

G.H.&S.A. 

90 

ABA-A 

.63 

.76 

10,947 

- 

- 

- 

_ 

0 

0.0 

H.&   T.C. 

90 

ABA-A 

.63 

.76 

37,159 

9 

Z 

2 

S 

17 

4.6 

i.e. 

90  ABA-A 

.63 

.76 

4,848 

- 

- 

- 

_ 

0 

0.0 

UL&T&S. 

90 

ABA-A 

.63 

,76 

7,067 

- 

- 

- 

- 

0 

0.0 

T.&  H.O. 

90 

ABA-B 

.63 

.76 

56,719 

17 

11 

£ 

6 

36 

6.3 

L.&  H. 

90 

ASCE 

.62 

.75 

7,725 

2 

1 

- 

_ 

3 

3.9 

St.L.&S  J. 

Totals 

195.397 

47 

16 

6 

12 

81 

4.1 

1914 

BO 

ASCE 

.63 

.66 

7,027 

_ 

- 

- 

_ 

0 

0.0 

L.&  B. 

86 

ASCE 

.66 

.68 

15,760 

- 

- 

- 

- 

0 

0.0 

A.C.L. 

85 

ASCE 

.     m 

- 

1,800 

1 

- 

- 

- 

1 

5.6 

H.&  0. 

85 

ASCE 

.59 

.72 

22,429 

5 

- 

- 

- 

5 

2.2 

Southern 

90 

ABA-A 

.63 

.76 

27,388 

2 

m 

_ 

1 

3 

1.1 

i.e. 

90 

ABA-B 

.63 

.76 

80,914 

6        1 

1 

3 

11 

1.4 

L.&  S. 

90 

ASCE 

.62 

.76 

17.600 

"I      " 

- 

1 

1 

0.6 

S"t  »Xi«&SF  • 

Totals 

172,908 

14|      I          1 

5 

21 

1.2 

Speolal  Opt 

n  Hearth 

-  PEHBSYLVABIi 

i  STEI 

X   C01C 

?ANY 

1910 

136 

Spcl. 

.90 

1J.0 

818 

81 

1 

- 

- 

82 

1002 .4 

C.    Of  H.J. 

136 

SdoI. 

.90 

3.00 

1,581 

17 

m 

- 

1 

18 

113.8 

C,   Of  B.J. 

135 

Spol. 

.90 

L05 

2,887 

2 

~ 

- 

1 

3 

10.4 

C.   Of  B.J. 

Appendix  C. 

SEGREGATION  AND  SPONGINESS  IN  LADLE  TEST 

INGOTS. 

By  Robert  W.  Hunt  &  Co. 

A  recent  order  for  the  inspection  of  open-hearth  steel  rails  was  of 
such  a  character  as  to  demand  a  check  for  the  manufacturer's  chemical 
analysis  of  each  heat  represented,  and  the  results  of  our  analyses  differed 
so  widely  from  those  reported  by  the  mill  that  it  was  finally  deemed 
advisable  to  make  some  investigation  of  matters  pertaining  to  ladle  test 
ingots,  and  principally  to  the  possibilities  of  their  segregation  and  sound- 
ness. Appreciating  the  importance  of  the  subject,  we  herewith  present 
to  the  Rail  Committee  some  of  the  facts  recorded  with  a  view  of  enabling 
them  to  extend  the  investigation  if  they  should  see  fit  and  to  take  such 
steps  as  are  practical  to  afford  relief  from  present  difficulties. 

What  has  been  known  to  exist  for  a  long  time  became  apparent  at 
the  outset  of  our  investigation,  and  was,  simply,  that  ladle  test  ingots 
were  subject  to  unsoundness  and  segregation  exactly  as  are  all  large 
ingots,  the  only  difference  being  one  of  degree.  Obviously  as  long  as 
this  condition  exists,  it  is  manifestly  impossible  to  expect  analyses  of 
the  same  test  ingot  by  different  chemists  to  agree  within  the  limits  of 
possible  chemical  error  unless  drillings  for  the  samples  are  taken  with 
special  care  and  mixed  and  divided  so  as  to  insure  both  chemists  work- 
ing on  identical  lots.  But  of  much  greater  importance  is  the  fact  that 
when  the  ladle  test  ingot  is  segregated  and  unsound,  the  drillings  taken 
from  it  may  not  be  representative  of  the  steel  or  heat  as  a  whole,  and 
the  reported  results  are  therefore  misleading  and  inaccurate.  Thus  a 
heat  of  steel  can  be  reported  as  .60%  for  carbon,  while  as  a  matter  of 
fact,  it  was  actually  .75%,  and  vice  versa,  it  might  be  reported  as  .75% 
and  really  be  .60%.  These  figures  are  not  exaggerations  but  are  the 
differences  reported  by  two  chemists  on  drillings  from  the  same  test  ingot. 

This  subject  is  not  a  new  one  and  but  recently  a  committee  of  the 
United  States  Steel  Corporation  has  made  a  considerable  study  of  ladle 
test  ingots  which  has  resulted  in  prescribing  certain  conditions  for  the 
guidance  of  their  mills;  and  the  American  Society  for  Testing  Materials 
has  a  committee,  at  the  present  time,  co-operating  with  the  Government 
Bureau   of    Standards   in    an    investigation    relating   to   ladle   test   ingots. 
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Notwithstanding    such    steps    as    have    been    taken    we    feel    that   certain 
fundamental  facts  are  already  established,  and  if  the  consistent  adoption 


Fig.  1 — Samples  of  Ladle  Test  Ingots  of  Steel  as  Poured. 


Fig.  2 — Samples  of  Ladle  Test  Ingots.    No.  3  Was  Taken  of  the  Steel 
as  Poured  and  No.  4  Had  Ferro-Silicon  Added  to  It. 
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of  practice  based  on  these  facts  could  be  attained  by  immediate  action  a 
great  benefit  would  be  accomplished. 

At  the  mill  at  which  we  were  engaged,  as  mentioned  above,  the 
ladle  test  ingot  mold  was  about  2y2  inches  square  at  the  top,  2  inches 
square  at  the  bottom  and  5  inches  high.  Depending  on  the  amount  of 
steel  poured  into  it  and  the  extent  of  its  boiling,  or  raising  up  of  the  top, 
the  resulting  ingots  varied  in  height  from  3  to  6  inches,  and  when  they 
were  drilled,  in  order  to  obtain  the  sample  for  analysis,  many  cavities 
were  encountered.  In  some  instances  it  became  necessary  to  take  drill- 
ings from  two  different  locations  on  the  same  ingot  and  in  such  cases 
the  chemical  results  varied  by  as  much  as  .15%  carbon  (by  combustion). 
The  character  of  these  ingots  when  split  open  is  as  shown  by  Figs.  1  and 
2  and  some  chemical  results  on  sample  drillings  from  them  are  given 
below,  although  the  difference  in  these  cases  happens  to  be  small. 

These  samples  of  ladle  test  ingots  were  taken  from  the  same  heat  of 
open-hearth  rail  steel  and  split  open  to  show  the  interior  structure. 

Xo.  1  was  taken  from  the  second  large  ingot  cast. 

Xo.  2  was  taken  from  the  sixth  large  ingot  cast. 

Xo.  3  was  taken  from  the  thirteenth  (and  last)  large  ingot  cast. 

No.  4  was  taken  from  the  thirteenth  large  ingot  cast  but  had  ferro- 
silicon  added  to  it  as  it  was  being  cast. 

Analysis   on   drilling   from:  q 

Mill    ladle    test^  ingot 71 

Inside  top  of  No.   1    (as  indicated  by  circles) 71 

Inside  bottom   of  No.    1    (as  indicated  by   circles)..    .659 

Outside   top   of   No.    1 64 

Outside  bottom   of   No.    1 637 

Outside  bottom  of  No.   2 63 

Outside  bottom   of   No.    3 636 

Outside  bottom   of  No.   4 64 

Obviously  the  metal  near  the  outside  of  the  ingots  differed  from  that 
near  the  inside  and  the  location  of  the  drillings  with  respect  to  the  height 
particularly,  also  gave  different  results.  It  will  be  noted  with  interest 
that  the  degree  of  porosity  is  apparently  somewhat  greater  in  the  ingot 
from  the  first  part  of  the  heat  than  that  from  the  last  part  of  the  heat, 
and  further,  that  the  addition  of  the  deoxidizing  agent,  ferro-silicon, 
experimentally  in  one  case,  made  that  ingot  absolutely  sound  for  most 
of  its  height. 

Xearly  every  rail  mill  has  had  a  style  of  ladle  test  ingot  of  its  own 
and  the  shapes  and  dimensions  of  those  in  vogue  about  two  years  ago 
are  shown  in  Fig.  3.  Some  of  these  have  been  changed  since  that  time 
and  Figs.  4,  5,  6  and  7  show  a  collection  of  various  ingots  representing 
rail  steel  that  have  been  lately  cast  and  split  open  in  order  to  show  their 
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.021 
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.017 
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interior  condition.  The  ingots  have  been  split  in  the  center  and  the  half 
section  showing  unsoundness  and  piping  is  shown  together  with  the  out- 
side half  elevation.     The  illustrations   are  about  one-third   full   size.     It 
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Fig.  3 — Diagrams  of  Various  Ladle  Test  Ingots. 


will  be  observed  that  many  are  very  unsound  and  no  doubt  in  such  cases 
segregated.  Those  that  are  sound,  except  for  the  pipe,  have  had  aluminum 
added  and  with  the  result  that  a  quiet  setting  steel  free  from  blow  holes 
has  been  obtained. 
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Soundness,  viz. :  freedom  from  blow  holes,  etc.,  is  a  very  important 
feature  for  ladle  test  ingots  to  possess.  In  the  first  place,  the  more  un- 
sound one  is  the  more  it  is  inclined  to  be  segregated,  and  secondly,  in 


Fig.  4 — Samples  of  Ladle  Test  Ingots. 


Fig.  5 — Samples  of  Ladle  Test  Ixgots. 

drilling  steel  that  is  full  of  blow  holes,  minute  particles  break  off  from 
the  sides  of  the  holes  and  render  the  chemical  determination  for  carbon 
by  combustion  methods  more  difficult  of  accuracy  than  when  thin  flake- 
like  drillings  are  furnished. 
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From  the  results  shown  in  Figs.  4,  5,  6  and  7,  it  is  quite  evident 
that  the  soundness  of  the  test  ingot  is  not  predicated  by  its  shape.  At 
the  same  time  it  is  logical  to  regard  a  thin  slab  like  shape  as  preferable, 
because  of  its  tendency  to  chill  quickly  and  thus  solidfy  with  a  minimum 
degree  of  segregation.  The  disadvantage  of  this  shape  of  test  ingot  lays 
principally  in  the  difficulty  of  obtaining  sufficient  drillings  to  provide  for 
the  requisite  number  of  analyses. 


Fig.  6 — Samples  of  Ladle  Test  Ingots. 


Fig.  7 — Samples  of  Ladle  Test  Ingots. 

The  addition  of  a  deoxidizing  agent  to  insure  a  sound  setting  steel 
and  a  ladle  test  ingot  free  from  blow  holes  is  more  or  less  common 
practice  at  some  mills,  and  commercially  pure  aluminum  in  the  form  of 
pellets  is  admirably  adapted  for  this  purpose.  Fig.  8  shows  two  ladle 
test  ingots  (about  one-third  size)  cast  in  similar  molds  of  as  nearly  identi- 
cal steel  as  it  is  possible  to  obtain  from  the  stream  filling  a  single  large 
mold.  In  one  case  (sample  A)  no  aluminum  was  used,  with  the  result 
that  the  ingot  was  spongy,  boiled  badly  in  the  mold  and  showed  consider- 
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able  segregation  on  analyses  of  different  samples  from  the  exterior  and 
the  interior.  In  the  other  cases  (sample  B)  the  addition  of  a  little 
aluminum  made  the  metal  set  absolutely  sound,  excepting  for  the  inevitable 
pipe,  while  analyses  of  drillings  from  corresponding  locations  as  in  the 
first  case  indicated  that  the  segregation  had  been  materially  reduced  and 
without  appreciable  influence  on  the  amount  of  carbon  present. 


Fig.  8 — Two  Ladle  Test  Ingots  of  Same  Steel,  A  as  Poured  and  B  With 

Aluminum. 

Both  ingots  were  drilled  at  the  locations  shown,  from  the  outside 
in  and  also  on  the  inside.  Thus  there  were  six  sets  of  drillings  in  each 
case.     Results  for  carbon   (by  combustion)   are: 

Location 
Ingot  No.   1  No.  2         No.  3    Average 

Without  aluminum — outside     692              .663              .708  .683 

Without  aluminum — inside     640              .686              .72  .682 

With  aluminum — outside      667              .715              .695  .692 

With  aluminum— inside     70               .686             .70  .695 

With  Without 
aluminum     aluminum 

Greatest  difference  outside   samples 048  .045 

Greatest  difference   inside   samples 014  .08 

Greatest  difference  all   samples 048  .08 

From  the  above  it  would  appear  that  aluminum  acted  toward  retard- 
ing segregation  by  causing  the  metal  to  set  solid  and  it  does  not  appre- 
ciably raise  the  carbon  by  so  doing. 

The  efficacy  of  aluminum  additions  is  further  shown  by  reference  to 
Fig.  9,  which  illustrates  three  ladle  test  ingots  (about  one-third  size) 
to  which  aluminum  was  added  at  the  time  of  pouring.  The  types  of  ladle 
test  ingots  there  given  are  slow  cooling  because  of  their  shapes  and  dimen- 
sions and  much  reason  exists  therefore,  for  anticipating  spongy  and  segre- 
gated metal.  Yet  in  every  instance  the  steel,  from  the  three  widely  sepa- 
rated mills  represented  and  which  ordinarily  make  what  may  be  termed  a 
low  silicon  or  raising  steel,  has  been  made  to  set  sound  and  clean  by 
using  aluminum.     Careful  analyses  of  these  ingots  on  samples  taken  at 
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various   locations    fails   to   detect   any   segregation    beyond   the   limits   of 
chemical  error. 

Below  are  given  results  for  carbon  (by  combustion )  on  drillings 
taken  as  shown ;  No.  3  in  each  case  being  from  the  outside  in  as  the 
ingot  would  ordinarily  be  drilled,  and  Nos.  1  and  2  being  on  the  inside 

in  order  to  show  segregation,  if  anv :  .,     „       AT 

°     °  '  -  No.   1  No.  2        No.  3 

Ingot   A    634  .61  .607 

Ingot   B    706  .728  .71 

Ingot   C    572  .563  .574 

From  the  three  analyses  made  on  each  ingot  it  is  clear  that  little, 
if  any,  segregation  exists  in  either  case. 


Fig.  9 — Ladle  Test  Ingots  to  Which  Aluminum  Had  Been  Added. 

Based  on  the  experience  of  the  past,  therefore,  we  feel  constrained  to 
recommend  such  additions  to  rail  specifications  as  will  provide : 

First.  A  standard  shape  and  size  for  ladle  test  ingots  with  direc- 
tions as  to  the  size  of  drill  and  location  of  the  borings  on  which  the 
analysis  is  made. 

Second.  The  addition  of  aluminum,  preferably  in  the  dipper,  when 
necessary  to  insure  a  sound  setting  steel  in  the  ladle  test  ingot  with 
freedom  from  blow  holes. 

In  conclusion,  we  submit  that  the  location  of  the  test  ingot  in  the 
heat  with  respect  to  the  regular  ingots  cast,  is  also  deserving  of  considera- 
tion, as  is  also  the  precise  method  of  making  the  analysis  for  the  various 
chemical  elements ;  but  as  these  matters  must  of  necessity  require  much 
time  and  study,  we  feel  that  they  can  be  best  left  to  development  by 
the  Testing  Materials  Society.  The  above  mentioned  recommendations, 
we  feel,  are  more  pertinent  to  present  conditions  and  warrant  early  con- 
sideration. 


Appendix  D. 

INFLUENCE  ON  RAILS  OF  METHOD  OF  BLOOMING 

By  M.  H.  Wickhorst,  Engineer  of  Tests,  Rail  Committee. 

This  report  covers  tests  concerning  the  influence  on  the  rails,  of  the 
manner  in  which  the  bloom  is  rolled,  and  particularly  with  reference  to 
the  transverse  ductility  of  the  bottom  of  the  base  of  the  rail.  Blooms 
were  rolled  from  ingots  with  varying  amounts  of  reduction  between 
turns.  Some  ingots  were  given  light  reductions,  or  squeezes,  and  turned 
so  as  to  bring  the  other  two  sides  in  contact  with  the  rolls,  and  other 
ingots  were  given  successively  greater  reductions  between  turns.  Also 
some  of  the  rails  were  rolled  so  that  what  was  the  top  side  of  the  ingot 
as  it  first  entered  the  blooming  rolls,  formed  the  head  of  the  rail  and 
other  rails  were  rolled  so  that  the  top  side  of  the  ingot  formed  the  web 
of  the  rail.  The  rails  were  tested  by  means  of  drop  tests,  tension  tests, 
transverse  tests  of  the  base,  and  polishing  of  cross-sections.  The  work 
was  done  at  Ensley,  Ala.,  at  the  works  of  the  Tennessee  Coal,  Iron  and 
Railroad  Co.,  who  kindly  furnished  all  the  material  and  facilities  ^or 
the  investigation. 

MANUFACTURE. 

The  steel  used  was  open-hearth  steel,  made  by  the  triplex  process. 
!n  this  process  most  of  the  blast  furnace  metal  used  was  blown  in  besse- 
mer  converters,  transferred  to  an  open-hearth  furnace,  where  most  of 
the  phosphorus  was  removed  (the  ore  used  being  very  high  in  phos- 
phorus) and  then  transferred  to  another  open-hearth  furnace,  where 
the  process  of  refinement  was  completed.  The  heat  was  number  83,301, 
made  April  3,  1915,  and  the  mill  record  of  the  material  used  in  making 
it  was  as  shown  in  Table  1. 

TABLE  1— MATERIALS  USED  IN  HEAT. 

Charge — Purified    Metal     13S.300.  lbs. 

Blown    Metal     47,900  lbs. 

Ingot   Butts    27,700  lbs. 

B.   B.   &   S.   Crops 27,100  lbs. 

Total    charge    241,000  lbs. 

Additions— Hard    Ore    2,700  lbs. 

Burnt  Lime    7,800  lbs. 

Ferro-manganese    2,800  lbs. 

Ferro-silicon    500  lbs. 

Aluminum     10  lbs. 

Coke    900  lbs. 
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Part  of  the  ferro-manganese  was  added  to  the  furnace  and  the  rest 
to  the  ladle.  The  coke  and  most  of  the  ferro-silicon  were  added  to  the 
ladle.  The  aluminum  and  a  small  part  of  ferro-silicon  were  added  to 
the  molds  while  pouring  the  steel.  The  steel  was  poured  into  ingots 
24x24  inches  at  the  bottom,  about  69  inches  high,  and  averaging  9,461 
pounds  each.  The  heat  weighed  223,200  pounds  and  made  23  ingots  and 
a  45-inch  butt.  The  ladle  analysis  of  the  steel  was  as  follows :  Carbon, 
.66  percent. ;  phosphorus,  .031  percent. ;  sulphur,  .035  percent. ;  manganese, 
.78  percent. 

BLOOMS. 

Sixteen  of  the  ingots  were  selected  for  the  special  blooming.  In 
order  to  be  able  to  identify  the  several  sides  of  the  ingot  and  to  be  able 
to  follow  them  while  making  the  bloom,  a  marker  was  put  into  the  top 
of  the  ingot,  immediately  after  casting,  consisting  of  a  steel  rod  about 
\.y&  inches  diameter  by  15  inches  long,  held  partly  immersed  in  the  steel 
near  the  middle  of  one  side  of  the  ingot  till  set. 

The  blooms  were  made  in  a  two-high  variable  draft  blooming  mill, 
having  passes  24  inches,  11  inches  and  8  inches  between  collars.  The 
blooming  rolls  are  shown  in  Figure  1.  The  ingots  were  nominally  24x24 
inches  at  the  bottom  end  and  about  V/i  inches  less  each  way  at  the  top 
end.  They  were  rolled  into  blooms  about  8x8  inches,  from  which  they 
were  shaped  into  rails.  The  blooms  were  made  from  the  ingots  with 
reductions  between  turning,  varying  from  1  inch  to  10  inches  in  the  earjy 
stages  of  the  blooming.  With  1-inch  reductions,  the  ingot  was  first  given 
a  reduction  or  squeeze  of  1  inch,  bringing  it  down  to  22>  inches.  It  was 
turned  and  the  other  side  reduced  to  23  inches.  It  was  again. turned  and 
the  1-inch  reductions  continued,  turning  after  each,  until  a  size  20x20 
inches  was  reached,  after  which  it  was  reduced  to  11x11  inches  with 
3-inch  reductions.  The  bloom  was  transferred  to  the  11-inch  pass,  brought 
to  11x8  inches,  transferred  to  the  8-inch  pass  and  finished  to  8x8  inches 
With  2-inch  reductions,  the  bloom  was  made  in  the  same  way,  except 
that  down  to  20x20  inches  the  reductions  were  2  inches  instead  of  1. 
With  3-inch  reductions  between  turns,  the  ingot  was  first  reduced  \y2 
inches  and  then  brought  back  without  turning  and  reduced  1J/S  inches 
more.  It  was  turned  and  the  blooming  continued  with  3-inch  reductions 
in  two  passes  each  between  turns.  The  full  reduction  of  3  inches  was  not 
made  in  one  pass  for  fear  that  the  rolls  would  not  stand  it.  With  4-inch 
reductions,  the  bloom  was  made  to  as  small  a  size  as  possible,  with  reduc- 
tions of  4  inches  between  turns  in  two  passes  each.    The  same  principle 
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Fig.  1 — Blooming  Rolls. 


was  carried  out  with  reductions  between  turns  of  6,  8  and  10  inches.  In 
addition  blooms  were  made  according  to  the  regular  method  in  use  at 
Ensley,  consisting  of  reducing  one  side  to  20  inches  in  the  24-inch  pass 
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and  turning,  reducing  in  the  24-inch  pass  to  11  inches  and  turning,  reduc- 
ing the  other  side  to  11  inches  in  the  11-inch  pass  and  turning,  reducing 
in  the  11-inch  pass  to  8  inches  and  turning  and  finally  reducing  the  other 
side  to  8  inches  in  the  8-inch  pass,  using  ordinarily  a  total  of  15  passes. 
For  each  of  the  eight  conditions  of  rolling,  two  blooms  were  made,  one 
of  which  was  rolled  so  that  what  was  the  top  side  of  the  ingot  as  it 
first  entered  the  rolls,  was  finally  rolled  into  the  head  of  the  rail,  and 
the  other  of  which  was  rolled  so  that  the  top  side  of  the  ingot  was  rolled 
into  the  right  side  or  right  web  of  the  rail.  Ingots  1  to  8  inclusive  were 
rolled  "top  in  top"  and  ingots  9  to  16  inclusive  were  rolled  "top  in  web." 
The  schedule  for  rolling  the  ingots  into  blooms  was  as   follows  : 

Ingots  1  and  9.  1-inch  reductions  to  20x20,  turning  after  each  pass 
for  8  passes.  3-inch  reductions  in  two  passes  each  to  11x11,  turning 
after  each  3-inch  reduction,  making  12  passes  more.  Move  to  11-inch 
pass,  reduce  one  side  to  8  inches  in  two  passes  and  turn.  Move  to 
8-inch  pass  and  finish  to  8x8  in  two  passes.     Total,  24  passes. 

Ingots  2  and  10.  2-inch  reductions  to  20x20,  turning  after  each  pass 
for  4  passes.  3-inch  reductions  in  two  passes  each  to  11x11,  turning  after 
each  3-inch  reduction,  making  12  passes  more.  Finish  as  before.  Total. 
20  passes. 

Ingots  3  and  11.  3-inch  reductions,  two  passes  each,  turning  after 
each  3-inch  reduction  to  15x15,  making  12  passes.  Then  4-inch  reduc- 
tion each  way,  two  passes  each,  turning  after  each  4-inch  reduction  to 
11x11,  making  4  passes  more.     Finish  as  before.     Total,  20  passes. 

Ingots  4  and  12.  4-inch  reductions,  two  passes  each,  turning  after 
each  4-inch  reduction  to  16x16,  making  8  passes.  Then  5-inch  reduction 
each  way,  two  passes  each,  turning  after  each  5-inch  reduction  to  11x11. 
Finish  as  before.     Total,    16  passes. 

Ingots  5  and  13.  6-inch  reductions,  4  passes  each,  turning  after  each 
6-inch  reduction  to  18x18,  making  8  passes.  Then  make  a  7-inch  reduc- 
tion each  way,  4  passes  each,  turning  after  each  7-inch  reduction  to  11x11. 
Finish  as  before.    Total,  20  passes. 

Ingots  6  and  14.  8-inch  reductions,  4  passes  each,  turning  after  each 
8-inch  reduction  to  16x16,  making  8  passes.  Then  a  5-inch  reduction 
each  way,  two  passes  each,  turning  after  each  5-inch  reduction  to  11x11. 
Finish  as  before.     Total,   16  passes. 

Ingots  7  and  15.  10-inch  reductions,  5  passes  each,  turning  after 
each  10-inch  reduction  to  14x14,  making  10  passes.     Then  a  3-inch  reduc- 
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tion  each  way,  two  passes  each,  turning  after  each  reduction  to  11x11. 
Finish  as  before.     Total,   18  passes. 

Ingots  8  and  16.  Regular  practice.  Reduce  to  24x20  in  2  passes 
snd  turn.  Reduce  to  20x11  in  6  passes  and  turn.  Transfer  to  11-inch 
passes,  reduce  to  11x11  in  4  passes  and  turn.  Reduce  to  11x8  in  2  passes 
and  turn.  Transfer  to  8-inch  pass  and  finish  to  8x8  in  1  pass.  Total, 
15  passes. 

In  the  above  schedule  no  account  was  taken  of  the  side  spread  in 
rolling,  which  was  considerable  in  some  cases,  particularly  in  the  regular 
practice.  On  entering  the  blooming  rolls,  the  ingots  were  "fairly  hot," 
although  pyrometer  readings  were  not  taken. 

RAILS. 
From  the  8x8  bloom  the  steel  was  made  into  rail  in  nine  shaping 
passes  direct  without  reheating  the  bloom.  Diagrams  of  these  passes  are 
shown  in  Figures  2  and  3.  The  preceding  shape  from  which  a  bar  was 
formed  is  shown  in  dotted  line  on  each  diagram.  The  areas  of  the  shap- 
ing passes  and  their  percentages  of  reduction  from  the  previous  shape  are 
shown  in  Table  2. 

TABLE    2— SHAPING    PASSES. 

Pass                                                                                  Area  Reduction 

Number                                                                            sq.  in.  Percent 

1 48.60  19.00 

2 35.68  26.56 

3 26.28  27.22 

4 19.92  24.20 

5 17.30  13.15 

6 12.64  26.94 

7 10.28  18.67 

8 9.00  12.45 

9 8.55  5.00 

After  the  bloom  was  made  it  was  cut  into  three  parts,  each  part 
making  two  or  three  rails,  with  a  total  of  seven  or  eight  rails  from  the 
ingot.  The  top  rail  of  the  third  part,  which  was  the  E  or  F  rail,  was 
set  aside  for  testing.  The  rails  were  of  the  85  lb.  A.  S.  C.  E.  sec- 
tion. From  each  rail  ten  pieces  were  cut  and  numbered  consecutively 
from  one  to  ten  from  the  top  end  and  used  for  tests  as  follows : 

No.  1 — 5  ft.  for  drop  test  with  head  in  tension. 
No.  2 — 5  ft.  for  drop  test  with  base  in  tension. 
Nos.  3  and  4 — 1%  ft.  each  for  tensile  tests. 
Nos.  5  to  10  incl. — 2  ft.  each,  for  transverse  test  of 
base  and  polishing  of  cross  section. 

DROP  TESTS. 
Two  drop  tests  were  made  of  each  rail,  one  with  the  head  in  tension 
and  the  other  with  the  base  in  tension.    The  tup  was  2,000  lbs.,  the  height 
of  drop  was  20  ft.,  the  centers  of  the  supports  were  3  ft.  apart  and  the 
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Fig.  2 — Shaping  Passes  1  to  6  Inclusive. 


INFLUENCE  OF  BLOOMING. 


533 


anvil  was  20,000  lbs.,  spring  supported.  The  striking  face  of  the  tup  and 
the  bearing  surfaces  of  the  supports  each  had  a  radius  of  5  in.  The 
deflection  or  set  under  the  first  blow  w'as  measured  in  a  distance  of  3  ft. 
of  the  side  that  was  below  in  testing.  Gage  marks  1  in.  apart  were  put 
'.engthwise  on  the  side  in  tension,  about  the  middle  of  the  piece  tested, 


Fig.  3 — Shaping  Passes  7,  8  and  9. 


for  a  distance  of  6  in.,  and  the  increase  in  length  of  the  space  which 
stretched  most  at  breaking  was  taken  as  the  measure  of  ductility  The 
results  of  the  tests  are  shown  in  Table  3.  All  the  specimens  tested  with 
the  head  in  tension,  broke  as  tension  breaks  about  half  way  between  sup- 
ports. Of  the  sixteen  specimens  tested  with  the  base  in  tension,  fourteen 
broke  near  the  middle  as  tension  breaks  and  two   specimens    (Nos.  6-2 
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and  15-2)   broke  a  short  distance  inside  of  one  support,   splitting  at  the 
support  through  a  seam  about  .05  inch  deep. 

It  will  be  noted  from  the  average  figures  that  the  rails  rolled  "top 
in  top"  gave  about  the  same  results  as  those  rolled  "top  in  web."     That 


TABLE   3— DROP    TESTS. 


Initial 

Reductions 

Inches 

Specimen 
Number 

Part  in 
Tension 

Deflection 

1st  Blow 

Inches 

No.    of 
Blows 

Elong. 
Percent 

TOP   IN 

TOP. 

1 

1-1 

Head 

1.78 

3 

23 

2 

2-1 

' 

1.69 

3 

19 

3 

3-1 

' 

1.70 

3 

24 

4 

4-1 

' 

1.69 

2 

18 

6 

5-1 

' 

1.69 

2 

17 

8 

6-1 

' 

1.70 

2 

16 

10 

7-1 

' 

1.71 

3 

20 

Regular 

8-1 

1.75 

3 

20 

Average 

1.71 

2.6 

19.6 

1 

1-2 

Base 

1.77 

4 

23 

2 

2-2 

1 

.  1.68 

3 

17 

3 

3-2 

< 

1.76 

2 

12 

4 

4-2 

• 

1.75 

3 

15 

6 

5-2 

1 

1.73 

3 

17 

8 

6-2 

' 

1.71 

2 

7 

10 

7-2 

■ 

1.67 

3 

15 

Regular 

8-2 

1.75 

3 

17 

Average 

1.73 

2.9 

15.4 

TOP   IN 

WEB. 

1 

9-1 

Head 

1.74 

2 

19 

2 

10-1 

1.78 

3 

20 

3 

11-1 

' 

1.73 

2 

17 

4 

12-1 

' 

1.73 

2 

16 

6 

13-1 

' 

1.72 

2 

16 

8 

14-1 

' 

1.72 

3 

20 

10 

15-1 

' 

1.71 

3 

21 

Regular 

16-1 

" 

1.74 

2 

16 

Average 

1.73 

2.4 

18.1 

1 

9-2 

Base 

1.74 

3 

15 

2 

10-2 

' 

1.73 

3 

23 

3 

11-2 

' 

1.75 

3 

20 

4 

12-2 

' 

1.75 

3 

22 

6 

13-2 

1.73 

2 

12 

8 

14-2 

' 

1.71 

3 

16 

10 

15-2 

' 

1 

6 

Regular 

16-2 

" 

1.69 

2 

12 

Average 

1.73 

2.5 

15.8 

is,  the  drop  test  results  averaged  about  the  same  for  rails  rolled  so  that 
what  was  the  top  side  of  the  ingot,  as  it  first  entered  the  blooming  rolls, 
was  rolled  as  the  top  of  the  head  of  the  rail,  as  for  rails  rolled  so  that 
the  top  side  of  the  ingot  formed  the  side  or  web  of  the  rail. 
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In  Figure  4  the  elongation  results  are  plotted  in  relation  to  the  initial 
reduction  in  making  the  bloom  from  the  ingot.  It  will  be  noted  that 
with  the  base  in  tension  there  was  in  general  a  decrease  in  ductility  as 
the  initial  reduction  increased.  There  was,  however,  considerable  irregu- 
larity in  the  results  and  it  would  take  a  much  more  extensive  set  of  tests 
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-Elongation  in  Drop  Test  as  Related  to  Reduction  in  Blooming. 


to  determine  whether  this  relationship  could  be  expressed  as  a  law.  With 
the  head  in  tension  the  ductility  was  about  the  same  for  the  different 
rates  of  reduction. 

TRANSVERSE  TESTS  OF  BASE. 
Transverse  tests  of  the  base  were  made  of  five  pieces  from  each  rail, 
each  piece  being  2  ft.  long.  The  method  of  test  was  to  support  the  rail 
on  two  supports  placed  opposite  each  other  near  the  edges  of  the  flanges 
under  the  middle  of  its  length.  The  supports  were  6  in.  long  and  were 
intended  to  be  placed  Yi  in.  in  from  the  sides  of  the  flanges,  which  would 
have  made  the  distance  between  supports  1  in.  less  than  the  width  of 
the  base,  or  4tc  in.  Instead,  the  distance  between  supports  was  made 
4  in.  by  mistake.  The  load  was  applied  in  the  test  machine  to  the  head 
of  the  rail  at  the  middle.     The  general  arrangement  is  shown  in  Figure  5. 
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Fig.  5 — Method  of  Making  Transverse  Test  of  Base. 

The  load  was  measured  that  it  took  to  break  the  rail.  The  transverse 
elongation  was  measured  by  putting  prick  punch  marks  1  in.  apart  cross- 
wise on  the  bottom  of  the  base  and  at  the  middle  of  the  length  of  the 
piece  tested.  The  greatest  extension  after  breaking,  in  any  one  of  the 
spaces,  was  taken  as  the  measure  of  the  transverse  ductility.  The  results 
of  the  transverse  tests  are  given  in  Table  4. 
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TABLE  4— TRANSVERSE  TESTS  OF  BASE. 


Initial 

Reduct. 

Ins. 

Top  in  Top 

Top  in  Web 

No. 

Load 
lbs. 

Elong. 
Per 

cent 

Depth 

Seam 

Ins. 

No. 

Load      1  Elon- 

lbs.        '     ceni 

Per 

Depth 

Seam 

Ins. 

1 

1-5 
i      1-6 

!-' 
1     1-8 
I     1-9 

Av. 

186,500 
174,800 
177,200 
198,800 
172,800 

2 
2 
2 
2 
2 

2.0 

Slight 
Slight 

Slight 

9-5 
9-6 
9-7 
9-8 
9-9 

Av. 

176,100 
160,200 
178,700 
184,300 
159,000 

1 
1 
2 
2 
1 

1.4 

.03 
.03 
.03 
.03 
.03 

182,020 

171,660 

2 

2-5 
2-6 
2-7 
2-8 
2-9 

Av. 

213,700 
195,500 
211,300 
191,200 
214,000 

205,140 

9 
0 

3 
2 
4 

3.0 

10-5 
10-6 
10-7 
10-8 
10-9 

Av. 

191.200 
203,200 
202,900 
205.700 
185,900 

197,780 

2  .03 

3  Small 
3          Small 
3          Small 
2          Small 

2.6 

3 

3-5 
3-6 
3-7 
3-8 
3-9 

Av. 

205,000 
192,000 
182,600 
180,500 
203,000 

4 
2 
3 

3 

2.8 

Slight 

11-5 
11-6 
11-7 
11-8 
11-9 

Av. 

200,900 
211.100 
189,900 
185,100 
208,000 

2          Small 

3 

2 

2  Slight 

3  ;   Slight 

2.4 

192,620 

199,000 

4 

4-5 

4-6 
4-7 
4-8 
4-9 

Av. 

202,500 
229,300 
221,200 
217,800 
216,100 

217,380 

9 

5 
4 
3 
3 

12-5 
12-6 
12-7 
12-8 
12-9 

Av. 

191.300 
194.900 
189.700 
173,900 
201.700 

2          Small 
2              .03 
2              .03 
2              .04 
2              .03 

2.0 

3.6 

190,300 

6 

5-5 
5-6 
5-7 
5-8 
5-9 

Av. 

225,700 
205,700 
217,800 
225,800 
230,300 

221,060 

3 
2 
3 
4 
4 

3.2 

13-5 
13-6 
13-7 
13-8 
13-9 

Av. 

206.200 
221,000 
221,100 
205.800 
219.300 

2 
3 
4 
3       '•   Slight 

5 

3.4 

214,680 

8 

6-5 
6-6 
6-7 
6-8 
6-9 

166,700 
173,500 
185,300 
194,300 
186,100 

1 
1 
2 
2 
2 

.03 
.04 
.04 
Slight 
.02 

14-5 
14-6 
14-7 
14-8 
14-9 

Av. 

209,400 
175,600 
232,300 
218.400 
214.400 

3          Small 

2       :   Slight 

4 

3 

4 

3.2    | 

Av.     :     181,180           1.6 

210.020 

10 

7-5 
7-6 
7-7 
7-8 
7-9 

214,100 
2n7,700 
1"  i6,000 
217,500 
210,900 

3 
2 

4 
3 

3.0 

15-5 
15-6 
15-7 
15-8 
15-9 

Av. 

184.700 
179.800 
210,300 
220.700 
206.400 

200.380 

9 

2 
3 
3 
3 

2.6 

Slight 
Slight 

Av. 

211,240 

Regular 

8-5 
8-6 
8-7 
8-8 
8-9 

Av. 

195,300 

207.700 
215,500 

208,7i-" 
107,700 

3 
3 
4 
3 

2 

3.0 

Small 
Slight 

16-5 
16-6 
16-7 
16-8 

16-9 

Av. 

229.500 
231,400 
209,700 
207.700 
192,7 

4 
J 

9 

2 

.02 
Small 

::  o  4, 9  80 

214  - 

Gen.  Av. 

201,953 

2.S 

Gen.  Av. 

199.753 

2.0 
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It  will  be  noted  that  the-  general  average  results,  showing  breaking 
load  and  transverse  ductility,  of  all  the  rails  rolled  top  in  top  were 
about  the  same  as  the  general  average  results  of  the  rails  rolled  top  in 
web.  The  average  results  of  the  five  tests  of  each  bar  are  plotted  in 
Figure  6  in  relation  to  the  initial  reductions  in  making  the  bloom  from 
the  ingot.  Here  again  it  will  be  noted  that  there  seems  not  to  have  been 
any  special  relation  between  the  amount  of  reduction  and  the  transverse 
properties  of  the  base.  From  an  inspection  of  the  table  it  will  be  noted 
that  the  low  results  in  breaking  load  and  transverse  elongation  were  in 
the  samples  showing  seams.  This  investigation  was  not,  however,  made 
so  much  with  reference  to  the  formation  of  seams,  especially  deep  seams, 
but  more  with  reference  to  the  transverse  ductility. 


Fig.  7 — Types  of  Fracture  in  Transverse  Test  of  Base. 


In  this  connection  it  is  interesting  to  compare  the  transverse  duc- 
tility of  the  bottom  of  the  base  with  the  longitudinal  ductility.  The 
method  of  measurement  was  the  same,  but  the  longitudinal  stretch  was 
produced  in  the  drop  test,  while  the  transverse  stretch  was  obtained  more 
slowly  in  the  test  machine.  The  transverse  ductility  averaged  2.7  percent, 
and  the  longitudinal  ductility  averaged  15.6  percent.  Part  of  the  problem 
of  improvement  of  rails  consists  of  increasing  the  transverse  ductility 
of  the  base  and  particularly  of  eliminating  the  cases  of  very  low  trans- 
verse ductility,  although  the  lot  of  rails  in  hand  compares  favorably  with 
the  average  run  of  rails. 

Samples  of  typical   fractures   in   the   transverse   test  of   the   base   are 
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shown  in  Figure  7.  Some  samples  it  will  be  noted  tended  to  split  along 
"cleavage"  lines,  while  in  other  samples  a  curved  piece  of  the  flange  tore 
out,  indicating  an  absence  of  a  marked  cleavage  condition. 

TENSILE  TESTS. 

Tensile  tests  were  made  from  two  pieces  of  each  rail  and  from 
three  locations  in  the  section  of  each  piece,  making  six  tensile  tests  from 
each  rail.     The  pieces  were  cut  from  the  section  as  shown  in  Figure  8. 


Fig.  8 — Locations  of  Tensile  Test  Pieces. 


The  samples  from  the  corner  of  the  head  and  the  flange  were  from  the 
brand  or  bottom  side  of  the  rail,  that  is,  the  side  that  was  below  in  pass- 
ing through  the  finishing  rolls.  The  test  pieces  were  12  in.  long,  %  in. 
diameter  at  the  ends  and  turned  to  Yz  in.  diameter  for  a  gage  length 
of  2  in.  at  the  middle.  The  tests  were  made  in  a  300,000-pound  Riehle 
test  machine.  The  yield  point  was  determined  by  means  of  a  Berry 
strain  gage  and  was  taken  as  the  load  at  which  a  considerable  accelera- 
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tion  occurred  in  the  speed  of  the  dial  hand.  The  detail  results  are  shown 
in  tables  5  to  8,  inclusive,  and  the  average  results  are  collected  for  more 
convenient  comparison  in  tables  9  to  13,  inclusive.  The  average  results 
in  the  tensile  tests  are  plotted  in  Figure  9  in  relation  to  the  reduction  in 


1 

24 

21 

18 

15 

12 

9 

6 

3 

0 

4 

t — . 

reducf/on  o/   area 

/ 

e/on  gaf/on 

1 

50 
40 
30 
20 
10 
0 

1 

. 

' 

raf/'o 

Hi 

/ 20  000 

/OS ooo 

SO  OOO 

75  ooo 

60  000 

45 ooo 
30  ooo 
15  ooo 

1 

fens//e   sfreng/fy 

1— 

1 

1 

J 

y/'e/c/  po/nr 

/        2        3456789/0 
/nches    fmf/oJ   Reduce/on  in  B/oo/v/ng 

Fig.  9 — Results  of  Tensile  Tests  as  Related  to  Reduction  in  Blooming. 


blooming.  The  rails  rolled  "top  in  top"  gave  about  the  same  results 
as  those  rolled  "top  in  web"  and  the  curves  show  the  average  results 
of  the  two  rolling  conditions.  It  will  be  noted  that  the  tensile  results 
of  the  rails  were  also  about  the  same  for  the  various  methods  of  bloom- 
ing as  used  in  making  these  rails. 
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In  this  connection  it  is  interesting  to  compare  the  results  from  the 
three  positions  in  the  rail  section  and  for  this  purpose  the  general  average 
results   are   given  below : 


TABLE    5— TENSILE    TESTS.    BARS    1,    2,    3    AND    4. 


Initial 

Reduction 

Ins. 

No. 

Y)d.   Pnt. 

Lbs.   Per 

Sq.  In. 

Tens.  Str. 

Lbs.   Per 

Sq.   In. 

Ratio 

Elong. 
Percent 

Red. 

Area 
Percent 

1 

1-3  a 
b 
c 

50,200 
59,300 

118,000 
111,600 
121,800 

45.6 

48.7 

16.0 
16.0 
16.0 

26.1 
27.8 
26.8 

1 

1-4  a 
b 
c 

52,600 
49.700 
55,200 

119,900 
111,700 
121,000 

43.9 
44.6 
45.6 

16.0 
15.0 
16.5 

27.8 
28.1 
26.1 

1 

1-    a 
b 
c 

Av. 

52.600 
49,950 
57,250 

53,267 

118.950 
111,650 
121,400 

44.0 
44.8 

47.2 

45.3 

16.0 
15.5 
16.3 

15.9 

27.0 
28.0 
26.5 

27.2 

117,333 

2 

2-3  a 
b 

c 

56,100 
51,900 
61.600 

125,200 
117,000 
126,100 

44.8 

44.4 
48.8 

13.5 
15.0 
15.5 

22.3 
21.8 
24.4 

2 

2-4  a 
b 
c 

54,300 
53.000 
58.300 

123,100 
117,700 
126,000 

44.1 
45.1 
46.3 

14.5 
15.0 
15.5 

23.2 
23.3 
26.8 

2 

2-     a 
b 
c 

Av. 

55.200 
52.450 
59,950 

124,150 
117,350 
126,050 

122,517 

44.4 
44.7 

47.5 

45.6 

14.0 
15.0 
15.5 

14.8 

22.8 
22.6 
25.6 

23.7 

55,867 

58.400 
53,500 
56.600 

3 

3-3  a 
b 
c 

122.500 
116,700 
125,000 

47.7 
45.9 
45.3 

15.5 
15.5 
15.0 

24.7 
23.6 
25.7 

3 

3-4  a 
b 

c 

55,000 
52,800 
59,900 

122,000 
116,100 
125.000 

45.1 
45.4 
47.9 

13.5 

15.5 
13.5 

21.5 
23.3 

25.4 

3 

3-    a 
b 
c 

Av. 

56,700 
53,150 
58,250 

122,250 
116,400 
125,000 

46.3 
45.6 
46.6 

46.2 

14.5 

15.5 
14.3 

14.8 

22.8 
23.5 
25.6 

24.0 

56,033 

121,217 

4 

4-3  a 
b 
c 

55,200 
53,200 
57,900 

123.700 
119.000 
126,500 

44.7 
44.7 
45.8 

14.0 
14.5 
13.5 

23.9 
22.6 
25.7 

4 

4-4  a 
b 
c 

55.400 
55.700 
59,400 

121.900 
117.100 
125.600 

45.5 
47.6 
47.3 

13.5 
13.5 
16.0 

24.0 
21.9 
25.8 

4 

4-    a 
b 
c 

Av. 

55.300 
54.450 
58.650 

122,800 
118,050 
126,050 

45.0 
46.1 
46.5 

45.9 

13.8 
14.0 
14.8 

14.2 

24.0 
22.3 
25.8 

24.0 

56,133 

122.S00 
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TABLE  6-TENSILE  TESTS,  BARS  5,  6,  7  AND  8. 


1 
Initial 
Reduction, 
Inches 

No. 

Yield  Point, 
Lbs.  per  Sq.  In. 

Tens.  Str., 
Lbs.  per  Sq.  In. 

Ratio 

Elong. 
Percent 

Red.  Area, 
Percent 

6 

5-3  a 
b 
c 

58,600 
55,200 
59,800 

123,300 
117,900 
126,100 

47.5 
46.8 

47.4 

13.5 
14.5 
14.5 

23.3 
24.0 
25.4 

6 

5-4  a 
b 
c 

56,301) 
55,200 
61,700 

121,800 
113,000 
126,000 

46.2 
48.8 
49.0 

13.5 
14.5 
14.0 

24.4 
24.4 
25.4 

6 

5-   a 

b 
c 

Average 

57,450 
55,200 
60,750 

57,800 

122,550 
115,450 
126,050 

46.9 
47.8 
48.2 

47.6 

13.5 
14.5 
14.3 

14.1 

23.9 
24.2 
25.4 

24.5 

121,350 

8 

6-3  a 
b 
c 

59,300 
58,000 
59,000 

122,800 
126,000 
126,900 

48.3 
46.0 
46.5 

14.5 
15.0 
15.0 

24.9 

'    24.0 

27.0 

8 

6-4  a 
b 
c 

55,400 
53,500 
59,100 

123,500 
115,300 
126,800 

44.9 
46.3 
46.6 

13.0 
14.5 
14.5 

20.5 
25.4 
27.1 

8 

6-  a 
b 
c 

Average 

57,350 
55,750 
59,050 

57,350 

123,150 
120,650 
126,850 

123,550 

46.5 
46.2 
46.6 

46.4 

13.8 
14.8 
14.8 

14.5 

22.7 
24.7 
27.1 

24.8 

10 

7-3  a 
b 
c 

58,900 
51,600 
60,600 

122,400 
115,400 
124,000 

48.1 
44.7 
48.9 

15.0 
15.5 
16.0 

25.4 
24.3 
26.7 

10 

7-4  a 
b 
c 

57,400 
53,600 
59,800 

121,800 
115,300 
124,900 

47.1 
46.5 
47.9 

13.5 
15.0 
15.0 

24.3 
24.7 
25.7 

10 

7-    a 
b 
c 

Average 

58,150 
52,600 
60,200 

56,983 

122,100 
115,350 
124,450 

120,633 

47.6 
45.6 
48.3 

47.2 

14.3 
15.3 

15.5 

15.0 

24.9 
24.5 
26.2 

25.2 

Regular 

8-3  a 
b 
c 

59,600 
54,000 
62,400 

123,300 
115,200 
126,000 

48.3 
46.9 
49.5 

15.0 
15.5 

15.0 

22.6 
24.8 
24.7 

Regular 

8-4  a 
b 
c 

56,800 
54,000 
60,400 

125,600 
115,200 
126,900 

45.2 
46.9 
47.6 

13.5 
15.0 
15.0 

22.6 
24.7 
25.4 

Regular 

8-    a 
b 
c 

Average 

58,200 
54,000 
61,400 

57,867 

124,450 
115,200 
126,450 

46.8 
46.9 
48.5 

47.4 

14.3 
15.3 
15.0 

14.9 

22.6 
24.8 
25.1 

24.2 

122,033 
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TABLE  7— TENSILE  TESTS,  BARS  9,  10,  11  AND  12. 


Initial 

Reduction, 

Inches 

No. 

Yield  Point, 
Lbs.  per  Sq.  In. 

Tens.  Str., 
Lbs.  per  Sq.  In. 

Ratio 

Elong., 
Percent 

Red.  Area, 
Percent 

1 

9-3  a 
b 
c 

56,500 
53,500 
64,700 

124,900 
117,000 
129,800 

45.3 
45.7 
49.8 

13.5 
15.5 
13.5 

22.6 
25.0 
24.0 

1 

9-4  a 
b 
c 

58,900 
52,900 
62,500 

123,200 
116,000 
127,500 

47.8 
45.6 
49.1 

15.5 
16.0 
15.5 

22.1 
24.7 
25.5 

1 

9-    a 
b 
c 

Average 

57,700 
53,200 
63,600 

58,167 

124,050 
116,500 
128,650 

46.5 

45.7 
49.5 

47.2 

14.5 
15.8 
14.5 

14.9 

22.4 
24.9 
24.8 

24.0 

123,067 

2 

10-3  a 
b 
c 

56,600 
54,300 
61,700 

120,900 
116,300 
126,100 

46.9 
46.6 
48.9 

14.0 
13.5 
15.5 

23.0 
24.7 
26.1 

2 

10-4  a 
b 
c 

58,400 
54,100 
60,000 

121,500 
117,000 
126,200 

48.0 
46.2 
47.6 

15.5 
15.0 
14.0 

24.7 
24.9 
24.7 

2 

10-   a 
b 
c 

Average 

57,500 
54,200 
60,850 

57,517 

121,200 
116,650 
126,150 

121,333 

47.5 
46.4 
48.2 

47.4 

14.8 
14.3 
14.8 

14.6 

23.9 
24.8 
26.9 

25.2 

3 

11-3  a 
b 
c 

55,800 
52,200 
58,400 

122,100 
115,200 
126,000 

45.6 
45.3 
46.3 

15.0 
16.0 
15.0 

25.1 
25.4 
26.4 

3 

11-4  a 
b 
c 

58,400 
53,500 
62,700 

125,800 
116,300 
128,700 

46.4 
46.0 
48.8 

15.0 
16.0 
14.0 

26.1 
25.8 
26.4 

3 

11-    a 
b 
c 

Average 

57,100 
52,850 
60,550 

56,833 

123,950 
115,750 
127,350 

122,350 

46.0 
45.6 
47.6 

46.4 

15.0 
16.0 
14.5 

15.2 

25.6 
25.6 
26.4 

25.9 

4 

12-3  a 
b 
c 

55,600 
54,400 
59,000 

125,200 
118,700 
128,000 

44.4 
45.9 
46.1 

14.0 
15.0 
13  5 

23.3 
22.6 
24.7 

4 

12-4  a 
b 
c 

56,500 
56,100 
59,000 

126,300 
117,400 
126,100 

44.8 
47.8 
46.8 

13.5 
15.5 
15.0 

22.6 
23.9 
25.4 

4 

12-   a 
b 
c 

Average 

56,050 
55,250 
59,000 

125,750 
118,050 
127,050 

123,617 

44.6 
46.8 
46.4 

45.9 

13.8 
15.3 
14.3 

14.5 

23.0 
23.3 
24.1 

23.5 

56,767 
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TABLE  8— TENSILE  TESTS,  BARS  13,  14,  15  AND  16. 


Initial 

Reduction, 

Inches 

No. 

Yield  Point, 
Lbs.  per  Sq.  In. 

Tens.  Str., 
Lbs.  per  Sq.  In. 

Ratio 

Elong., 
Percent 

Red.  Area, 
Percent 

6 

13-3  a 
b 
c 

58,000 
54,400 
60,700 

123,800 
116,200 
125,800 

46.8 
46.8 
48.3 

14.0 
15.0 
15.0 

24.7 
24.6 
24.7 

6 

13-4  a 
b 
c 

61,000 
53,700 
62,900 

126,000 
117,200 
129,800 

48.4 
45.8 
48.5 

11.0* 

14.5 

14.0 

23.0 
24.0 
24.7 

6 

13-   a 
b 
c 

Average 

59,500 
54,050 
61,800 

124,900 
116,700 
127,800 

123,133 

47.6 
46.3 
48.4 

47.4 

14.0 
14.8 
14.5 

14.4 

23.9 
24.3 
24.7 

24.3 

58,450 

8 

14-3  a 
b 
c 

53,500 
53,700 
59,900 

122,200 
118,000 
126,200 

43.8 
45.5 
47.5 

15.0 
14.0 
15.5 

23.9 
22.2 
24.5 

8 

14-4  a 
b 
c 

58,400 
55,600 
60,300 

123,700 
117,800 
127,500 

47.2 
47.2 
47.3 

15.0 
14.0 
14.5 

23.7 
22.6 
24.6 

8 

14-    a 
b 
c 

Average 

55,950 
54,650 
60,100 

122,950 
117,900 
126,850 

45.5 
46.4 
47.4 

46.4 

15.0 
14.0 
15.0 

14.7 

23.8 
22.4 
24.6 

23.6 

56,900 

122,567 

10 

15-3  a 
b 
c 

56,300 
53,600 
60,100 

123,200 
118,500 
126,300 

45.7 
45.2 
47.6 

14.0 
15.0 
15.5 

23.7 
23.8 
24.4 

10 

15-4  a 
b 
c 

59,100 
53,400 
59,900 

123,000 
117,000 
125,600 

48.0 
45.6 
47.7 

15.5 
14.5 
14.5 

23.3 
23.7 
25.4 

10 

15-   a 
b 
c 

Average 

57,700 
53,500 
60,000 

57,067 

123,100 
117,750 
125,950 

122,267 

46.8 
45.4 

47.7 

46.6 

14.8 
14.8 
15.0 

14.9 

23.5 
23.8 
24.9 

24.1 

Regular 

16-3  a 
b 
c 

57,200 
56,100 
64,500 

121,700 
120,500 
126,800 

47.0 
46.5 
50.8 

15.0 
15.0 
15.0 

23.3 
23.6 
24.0 

Regular 

16-4  a 
b 
c 

57,300 
54,900 
61,300 

124,900 
121,100 
126,900 

45.8 
45.3 
48.3 

15.5 
13.5 
15.5 

22.6 
22.1 
26.4 

Regular 

16-  a 
b 
c 

Average 

57,250 
55,500 
62,900 

58,550 

123,300 
120,800 
126,850 

46.4 
45.9 
49.6 

47.3 

15.3 
14.3 
15.3 

15.0 

23.0 
22.9 
25.2 

23.7 

123,650 

•Sample  13-4a  broke  about  \  inch  from  gage  mark.     Elongation  not  used  in  calculating  average. 
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TABLE  9— AVERAGE  YIELD  POINTS. 


Rolling 
Condition 

Initial 
Reduction, 

Bar 
No. 

Position  in  Section 

Inches 

A 

B 

C 

Average 

Top 

1 

1 

52,600 

49,950 

57,250 

53,267 

in 

2 

2 

55,200 

52,450 

59,950 

55,867 

Top 

3 

3 

56,700 

53,150 

58,250 

56,033 

4 

4 

55,300 

54,450 

58,650 

56,133 

6 

5 

57,450 

55,200 

60,750 

57,800 

8 

6 

57,350 

55,750 

59,050 

57,350 

10 

7 

58,150 

52,600 

60,200 

56,983 

Regular 

8 
Average 

58,200 
56,369 

54,000 

61,400 

57,867 

53,444 

59,438 

56,417 

Top 

1 

9 

57,700 

53,200 

63,600 

58,167 

in 

2 

10 

57,500 

54,200 

60,850 

57,517 

Web 

3 

11 

57,100 

52,850 

60,550 

56,833 

4 

12 

56,050 

55,250 

59,000 

56,767 

6 

13 

59,500 

54,050 

61,800 

58,450 

8 

14 

55,950 

54,650 

60,100 

56,900 

10 

15 

57,700 

53,500 

60,000 

57,067 

Regular 

16 

57,250 

55,500 

•      62,900 

58,550 

Average 

57,344 

54,150 

61,350 

57,615. 

Gen.  Av. 

56,857 

53,797 

60,394 

57,016 

TABLE  10— AVERAGE  TENSILE  STRENGTHS. 


Rolling 
Condition 

Initial 

Reduction, 

Inches 

Bar 
No. 

Position 

in  Section 

A 

B 

C 

Average 

Top 

in 

Top 

1 
2 
3 
4 
6 
8 
10 
Regular 

1 
2 
3 
4 
5 
6 
7 
8 

Average 

118,950 
124,150 
122,250 
122,800 
122,550 
123,150 
122,100 
124,450 

111,650 
117,350 
116,400 
118,050 
115,450 
120,650 
115,350 
115,200 

121,400 
126,050 
125,000 
126,050 
126,050 
126,850 
124,450 
126,450 

125,288 

117,333 
122,517 
121,217 
122,300 
121,350 
123,550 
120,633 
122,033 

121,367 

122,550 

116,263 

Top 

in 

Web 

1 
2 
3 
4 
6 
8 
10 
Regular 

9 
10 
11 
12 
13 
14 
15 
16 

Average 

124,050 
121,200 
123,950 
125,750 
124,900 
122,950 
123,100- 
123,300 

116,500 
116,650 
115,750 
118,050 
116,700 
117,900 
117,750 
120,800 

128,650 
126,150 
127,350 
127,050 
127,800 
126,850 
125,950 
126,850 

123,067 
121.333 
122,350 
123,617 
123,133 
122,567 
122,267 
123,650 

123,650 

117,513 

127,081 

122.748 

Gen.  Av. 

123,100 

116,888 

126,185 

122.058 
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TABLE  11-AVERAGE  RATIOS  OF  Y  1ELD  POINT  TO  TENSILE  STRENGTH. 


Rolling 
Condition 

Initial 
Reduction, 

Bar 

No. 

Position 

in  Section 

Inches 

A 

B 

C 

Average 

Top 

1 

1 

44.0 

44.8 

47.2 

45.3 

in 

2 

2 

44.4 

44.7 

47.5 

45.6 

Top 

3 

3 

46.3 

45.6 

46.6 

46.2 

4 

4 

45.0 

46.1 

46.5 

45.9 

6 

5 

46.9 

47.8 

48.2 

47.6 

8 

6 

46.5 

46.2 

46.6 

46.4 

10 

7 

47.6 

45.6 

48.3 

47.2 

Regular 

8 

46.8 

46.9 

48.5 

47.4 

Average 

45.9 

46.0 

47.4 

46.4 

Top 

1 

9 

46.5 

45.7 

49.5 

47.2 

in 

2 

10 

47.5 

46.4 

48.2 

47.4 

Web 

3 

11 

46.0 

45.6 

47.6 

46.4 

4 

12 

44.6 

46.8 

46.4 

45.9 

6 

13 

47.6 

46.3 

48.4 

47.4 

8 

14 

45.5 

46.4 

47.4 

46.4 

10 

15 

46.8 

45.4 

47.7 

46.6 

Regular 

16 

46.4 

45.9 

49.6 

47.3 

Average 

46.4 

46.1 

48.1 

46.9 

Gen.  Av. 

46.2 

46.1 

47.8 

46.7 

TABLE  12— AVERAGE  ELONGATIONS,  PERCENT  IN  2  INCHES 


Rolling 

Initial 
Reduction, 

Bar 

Position 

in  Section 

Condition 

Inches 

No. 

A 

B 

C 

Average 

Top 

1 

1 

16.0 

15.5 

16.3 

15.9 

2 

2 

14.0 

15  0 

15.5 

14.8 

Top 

3 

3 

14.5 

15.5 

14.3 

14.8 

4 

4 

13.8 

14.4 

14.8 

14.2 

6 

5 

13.5 

11.5 

14.3 

14.1 

8 

6 

13.8 

14.8 

14.8 

14.5 

10 

7 

14.3 

15.3 

15.5 

15.0 

Regular 

8 

14.3 

15.3 

15.0 

14.9 

Average 

14.3 

15.0 

15  1 

14.8 

Top 

1 

9 

14.5 

15.8 

14.5 

14.9 

in 

2 

10 

14.8 

14.3 

14.8 

14.6 

Web 

3 

11 

15.0 

16.0 

14.5 

15.2 

4 

12 

13.8 

15.3 

14.3 

14.5 

6 

13 

14.0 

14.8 

14.5 

14.4 

8 

14 

15.0 

14.0 

15.0 

14.7 

10 

15 

14.8- 

14.8 

15.0 

14.9 

Regular 

16 

15.3 

14.3 

15.3 

15.0 

Average 

14.7 

14.9 

14.7 

14.8 

Gen.  Av. 

14.5 

15.0 

14.9 

14.8 
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TABLE  13— AVERAGE  REDUCTIONS  OF  AREA,  PERCENT. 


Rolling 

Initial 
Reduction, 

Bar 

Position 

in  Section 

Condition 

Inches 

No. 

A 

B 

C 

Averaje 

Top 

1 

1 

27.0 

28.0 

26.5 

27.2 

in 

2 

2 

22.8 

22.6 

25.6 

23.7 

Top 

3 

3 

22.8 

23.5 

25.6 

21.0 

4 

4 

24.0 

22.3 

25.8 

21.0 

6 

5 

23.9 

24.2 

25  4 

24  5 

8 

6 

22.7 

24.7 

27.1 

24.8 

10 

7 

24.9 

24.5 

26.2 

25.2 

Regular 

8 

22.6 

24.8 

25.1 

24.2 

Average 

23.8 

24.3 

25.9 

24.7 

Top 

1 

9 

22  4 

24.9 

24.8 

24.0 

in 

2 

10 

23.9 

24.8 

26.9 

25.2 

Web 

3 

11 

25.6 

25.6 

26.4 

25.9 

4 

12 

23.0 

23.3 

24.1 

23.5 

6 

13 

23.9 

24.3 

24.7 

24.3 

8 

14 

23.8 

22.4 

24.6 

23.6 

10 

15 

23.5 

23.8 

24  9 

24.1 

Regular 

16 

23.0 

22.9 

25.2 

23.7 

Average 

23 .  (i 

24.0 

25 .2 

24.3 

Gen.  Av. 

23.7 

24.2 

25.6 

24.5 

SECTION  POSITION 

A  B  C  Av. 

Yield  point,  lbs.  per  sq.  in 56,857  53,797  60,394  57,016 

Tensile  strength,  lbs.  per  sq.  in 123,100  116,888  126,185  122,058 

Ratio,  yield  point  to  tensile  strength 46.2  46.1  47.8  46.7 

Elongation  in  2  in.,   percent 14.5  15.0  14.9  14.8 

Reduction  of  area,  percent 23.7  24.2  25.6  24.5 

The  A  samples  from  the  corner  of  the  head  and  the  C  samples  from 
the  flange,  would  be  of  about  the  same  chemical  composition,  but  the  C 
samples  showed  somewhat  higher  yield  point  and  tensile  strength  with 
a  little  greater  ductility.  The  rails  tested  were  from  the  lower  part  of 
the  ingot  and  the  B  samples  would  therefore  be  somewhat  lower  in 
the  hardening  elements  carbon  and  phosphorus.  These  samples  showed 
slightly  more  ductility  than  the  A  samples  and  also  considerably  lower 
yield  point  and  tensile  strength. 


POLISHED  SECTIONS. 


From  the  end  of  each  piece  used  for  transverse  test  of  the  base,  a 
cross  section  of  the  head  was  cut.  This  made  five  pieces  from  each  of 
the  16  rail  bars,  or  a  total  of  80  cross-sections.  These  were  polished 
with  emery,  etched  with  copper-ammonium  chloride  solution  until  the 
deposited  copper  could  be  wiped  off  easily  and  finally  polished  with  tripoli. 
The  purpose  of  this  examination  was  to  disclose  any  small  cracks  or 
fissures  that  might  exist  in  the  interior  of  the  head.  No  internal  cracks 
were  found  in  any  of  the  samples. 
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SUMMARY. 


1.  An  investigation  was  made  concerning  the  influence  on  the  rails, 
of  the  manner  in  which  the  bloom  is  rolled  and  particularly  with  reference 
to  the  transverse  ductility  of  the  bottom  of  the  base  of  the  rail.  Blooms 
were  rolled  from  ingots  with  varying  amounts  of  reduction  between  turns. 
Some  ingots  were  given  light  reductions  or  squeezes  and  turned  so  as 
to  bring  the  other  two  sides  in  contact  with  the  rolls,  and  other  ingots 
were  given  successively  greater  reductions  between  turns.  Also  some  of 
the  rails  were  rolled  so  that  what  was  the  top  side  of  the  ingot  as  it 
first  entered  the  blooming  rolls,  formed  the  head  of  the  rail  and  other 
rails  were  rolled  so  that  the  top  side  of  the  ingot  fomed  the  web  of 
the  rail. 

2.  The  work  was  done  at  Ensley,  Ala.,  at  the  works  of  the  Tennessee 
Coal,  Iron  and  Railroad  Co.,  who  kindly  furnished  all  the  material  and 
facilities    for   the   investigation. 

3.  The  rails  were  made  by  the  open-hearth  process  and  were  tested 
by  means  of  drop  tests,  tension  tests,  transverse  tests  of  the  base,  and 
polishing  of  cross-sections. 

4.  Sixteen  ingots  were  selected  for  special  blooming.  Eight  were 
rolled  "top  in  top,"  that  is,  with  the  top  side  of  the  ingot  as  it  first 
entered  the  blooming  rolls,  rolled  into  the  head  of  the  rail,  and  the 
other  eight  were  rolled  "top  in  web,"  that  is,  with  the  top  side  of  the 
ingot  rolled  into  the  web  of  the  rail.  The  amounts  of  reduction  between 
turning  were  varied  in  the  early  part  of  the  blooming  and  were,  respec- 
tively, 1  in.,  2  in.,  3  in.,  4  in.,  6  in.,  8  in.,  10  in.,  and  regular  practice,  two 
ingots  being  rolled  for  each  of  the  eight  rolling  conditions.  From  the 
standpoint  of  the  construction  of  the  mill,  it  was  considered  not  advisable 
to  reduce  the  ingot  more  than  2  inches  in  one  pass  and  the  reductions 
between  turning  of  3  inches  or  more  were  therefore  produced  in  two 
or  more  passes. 

5.  In  the  drop  test,  the  rails  rolled  top  in  top  gave  about  the  same 
results  as  those  rolled  top  in  web.  With  the  head  in  tension  the  ductility 
in  the  drop  test  was  about  the  same  for  the  different  rates  of  reduction. 
With  the  base  in  tension  there  was  a  general  decrease  in  ductility  as  the 
rate  of  initial  reduction  in  blooming  increased,  but  there  was  considerable 
irregularity  in  the  results  and  it  would  take  a  much  more  extensive  set 
of  tests  to  be  able  to  state  this  as  a  law. 

6.  Transverse  tests  of  the  base  were  made  by  placing  the  rail  on 
two  supports,  6  in.   long,  placed  opposite  each  other  near  the  edges  of 
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the  flanges,  and  applying  the  load  to  the  head  of  the  rail  at  the  middle. 
The  general  average  results  showing  breaking  load  and  transverse  duc- 
tility of  the  rails  rolled  top  in  top  were  about  the  same  as  those  of  the 
rails  rolled  top  in  web.  The  transverse  results  were  also  about  the  same 
for  the  various  rates  of  reduction  in  blooming. 

7.  The  longitudinal  ductility  of  the  base  in  the  drop  test  averaged 
15.6  percent,  and  the  transverse  ductility  of  the  base  in  the  transverse 
test  averaged  2.7  percent. 

8.  The  thought  is  expressed  that  part  of  the  problem  of  improve- 
ment of  rails  consists  of  increasing  the  transverse  ductility  of  the  base 
and  particularly  of  eliminating  the  cases  of  very  low  transverse  ductility. 

9.  In  the  tensile  tests  the  rails  rolled  top  in  top  gave  about  the  same 
results  as  those  rolled  top  in  web.  The  tensile  "results  were  also  about 
the  same  for  the  various  rates  of   reduction. 

10.  Incidentally  to  the  main  theme  of  the  investigation,  a  com- 
parison was  made  of  the  tensile  results  from  three  locations  in  the  rail 
section,  namely,  the  upper  corner  of  the  head,  the  interior  of  the  head 
and  the  flange.  For  a  given  tensile  strength,  the  ductility  was  greatest 
in  the  flange,  next  in  the  corner  of  the  head  and  least  in  the  interior 
of  the  head. 

11.  Cross-sections  were  cut  from  the  head  of  the  rails,  polished  with 
emery,  etched  with  copper-ammonium  chloride  solution  and  finally  pol- 
ished with  tripoli.  No  internal  cracks  were  found  in  any  of  the  samples 
examined. 

12.  In  conclusion,  the  general  results  may  be  summarized  as  follows: 
The  rails  rolled  "top  in  top"  gave  about  the  same  results  as  those  rolled 
"top  in  web."  in  the  drop  tests,  transverse  tests  of  the  base  and  tensile 
tests.  The  results  were  also  about  the  same  for  the  various  rates  of 
reduction  in  making  the  bloom,  except  that  in  the  drop  tests  with  the 
base  in  tension  there  was  a  general  decrease  in  ductility  as  the  rate  of 
initial  reduction  increased,  but  there  was  considerable  irregularity  in  the 
results  and  it  would  take  a  much  more  extensive  set  of  tests  to  be  able 
to  state  this  as  a  law.  This  work  had  reference  particularly  to  the 
transverse  ductility  of  the  base,  and  not  specially  to  the  production  of 
seams  due  to  the  tearing  open  of  the  sides  of  the  bloom  in  rolling. 


Appendix  E. 

AMERICAN  RAIL  MILL  PRACTICE. 

In  June.  1015,  the  Rail  Committee  of  the  American  Railway  Engineer- 
in"  Association  appointed  a  Sub-Committe*  on  Rail  Mill  Practice,  con- 
sisting of  C.  S.  Churchill,  Chairman,  E.  B.  Ashby,  A.  S.  Baldwin,  J.  R. 
Onderdonk  and  M.  H.  Wickhorst  (the  latter  acting  as  secretary),  to  visil 
the  several  rail  mills  and  report  upon  the  methods  in  use  in  manufacturing 
rails.  The  purpose  of  the  visits  was  to  obtain  information  concerning  the 
present  state  of  the  art  and  concerning  developments  and  improvements  in 
recent  years  in  the  art  of  making  rails  and  particularly  those  which  had  to 
do  with  the  quality  of  the  rails.  A  brief  general  description  is  given  of  the 
several  rail  plants  and  afterward  is  given  a  comparison  of  practices, 
divided  into  the  different  stages  in  the  manufacture  of  rails,  such  as  ore 
supply,  open-hearth  practice,  methods  of  rolling,  etc.  The  various  an- 
alyses and  other  numerical  information  were  kindly  furnished  by  the 
>everal  companies. 

DESCRIPTION   OF   RAIL   PLANT   OF   THE   ALGOMA   STEEL 
CORPORATION. 

A  visit  was  made  on  August  6  and  7,  1915,  to  the  rail  plant  of  the 
Algoma  Steel  Corporation  by  Messrs.  A.  S.  Baldwin  and  M.  FI.  Wick- 
horst, members  of  the  Sub-Committee  on  Mill  Practice,  accompanied  by 
Messrs.  A.  L.  Davis.  J.  H.  Gibboney.  R.  \Y.  Hunt  and  C.  W.  Genet 
The  plant  is  located  at  Sault  Ste.  Marie,  Ontario,  Canada,  on  the  banks 
of  the  St.  Mary's  River  connecting  Lake  Superior  with  Lake  Michigan. 
The  iron  ores  and  limestone  are  obtained  from  the  Lake  Superior  district 
and  the  coal  supply  is  obtained  from  West  Virginia,  all  from  properties 
belonging  to  the   Algoma  company. 

Ore. 

Most  of  the  ore  used  comes  from  the  Magpie  and  Helen  mines  on 
the  Canadian  side  of  Lake  Superior,  owned  by  the  Algoma  company. 
Some  other  ores  are  also  used,  notably  Albany  ore.  Representative  an- 
alyses of  these  ores  are  shown  below.  The  analysis  of  the  Magpie  is  the 
season  average. 

*It<  port  51.  X<  vember,  1915. 

551 


552 


RAIL. 


Helen 

Alban 

V 

As 

Dried 

As 

Dried 

Received 

212° 

Received 

212° 

7.81 
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8.01 

8.69 
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.082 

.089 
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.060 

.29 

•32 
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1.46 
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.21 

nil 
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•  17 

•53 

.60 

Pi 

acahontas. 

3.00 

I7-56 

76.13 

6.31 

.000 

.83 

Magpie 
Dried 

212° 

Moisture 

Iron    50.26 

Silica    9.89 

Phosphorus  ..     .015 

Sulphur    31 

Alumina    ....    1.36 

Lime    7.40 

Magnesia  7.53 

Manganese  . .   2.77 

Coal. 

The  coal  is  obtained  from  the  Cammelton  and  Pocahontas  mines. 
West  Virginia  and  the  season  averages  for  1914  are  shown  in  the  fol- 
lowing analyses :  _ 

Cammelton. 

Moisture    2.56 

Vol.  Comb.  Matter   35.80 

Fixed  Carbon    57-02 

Ash   ! 7.18 

Phosphorus 022 

Sulphur    1. 16 

In  the  above  analyses,  the  constituents,  except  the  moisture,  are  per- 
centages of  the  dry  coal. 

Coke. 

The  coke  is  made  from  a  mixture  of  35  parts  Pocohontas  coal  and  65 
parts  Cammelton  coal,  in  two  batteries,  each  of  55  Koppers  by-product 
coke  ovens.  The  plant  has  a  capacity  of  1,000  tons  of  coke  per  24  hours 
and  the  yield  is  ten  tons  of  coke  per  13-54  tons  of  coal.  A  representa- 
tive analysis  of  the  coke  is  given  below: 

Moisture     3.69 

Vol.  Comb.  Matter 2.30 

Fixed  Carbon  86  41 

Silica z~2 

Alumina   and   iron   oxide    6.68 

Lime    62 

Phosphorus    0.018 

Ash    1 1 .29 

Sulphur    80 

Limestone. 

The  limestone  used  for  fluxing  in  the  blast  and  open-hearth  furnaces 
is  quarried  at  Fiborn.  Michigan,  and  a  representative  analysis  is  as  fol- 
lows : 
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Silica   ?8 

Iron   oxide   and   alumina    48 

Lime   54- '6 

Magnesia    7- 

Phosphorus    0015 

Sulphur     084 

Blast    Furnaces. 

There   are   three   blast    furnaces,   two   with    a   capacity   of    7,500   tons 

of  pig  iron   a  month  each,  and  the  other  with   a  capacity  of   13,500  tons 

per  month,  or  a  total  monthly  capacity  of  28,500  tons.  The  metal  has 
about  the  following  composition : 

Si                      P                      S                      Mn  C 

.85                    .13                    .04                    1. 00  3.80 

Steel   Making. 

Steel  is  made  by  both  the  Bessemer  and  open-hearth  processes,  and 
it  is  expected  to  also  use  the  duplex  process  in  the  future.  From  the 
blast  furnaces  the  liquid  metal  is  conveyed  to  the  mixers,  of  which  there 
are  two,  one  150  tons  capacity  for  the  Bessemer  plant  and  one  of  250 
tons  capacity  for  the  open-hearth  plant.  The  Bessemer  plant  consists  of 
two  converters  each  of  5  tons  capacity.  The  open-hearth  plant  consists 
of  7  furnaces,  3  of  40  tons  capacity  and  4  of  80  tons  capacity,  or  a 
total  capacity   of  about  25,000   tons   per   month. 

The  method  of  making  the  open-hearth  steel  is  to  charge  in  the 
order  named:  lime,  ore,  scrap  (mostly  rail  and  bloom  butts)  and  liquid 
metal.  The  metal  is  worked  down  to  .45  or  .55  per  cent,  carbon  and 
recarbonized  with  hard  coal  added  to  the  ladle.  Should  the  carbon  go 
lower  than  this  while  reducing  the  phosphorus,  some  liquid  blast  furnace 
metal  is  added  to  the  hearth,  as  recarbonizer.  About  one-fourth  of  the 
ferro-manganese  is  added  to  the  furnace  and  the  rest  to  the  ladle.  The 
ferro-silicon  is  added  to  the  ladle.  No  additions  have  been  made  to  the 
mold,  but  experiments  are  being  made  with  reference  to  mold  additions 
of  aluminum. 

Two  sizes  of  ingot  mold  have  been  used,  18x19  and  10x23,  but  it  is 
intended  to  make  the  19x23  mold  the  usual  one  for  rail  ingots. 

Mill. 

There  are  5  sets  of  soaking  pits  with  a  total  capacity  of  96  ingots. 
The  blooming  mill  is  a  two-high  35-inch  reversing  mill,  driven  by  a  4,000 
h.p.  direct  connected  motor,  or  a  5ox6o-inch  twin  reversing  steam  engine. 
The  19x23  ingots  are  bloomed  to  8x8  inches  in  19  passes.  The  bloom 
ends  are  cropped  off  and  the  bloom  cut  into  two  parts,  with  a  steam 
driven,  gear-connected  shear.  The  blooms  then  go  to  reheating  furnaces, 
of  which  there  are  three,  holding  16  blooms  each,  or  a  total  reheating 
capacity  of  48  blooms.  The  blooms  are  shaped  into  rail  in  11  passes 
and  the  total  number  of  passes  from  the  large  ingot  to  the  finished  rail 
is  30.     The   rail-shaping  mill  consists  of   three  three-high    stands.     The 
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first  and  second  roughers  are  each  23V2X48  inches  and  with  four  passes 
each.  The  finishing  stand  is  28x58  inches  with  three  passes.  The  rails  are 
sawed  to  length  singly.  There  are  two  hots  beds  under  cover  each  106  ft. 
long,  or  a  total  hot  bed  length  of  212  ft.  There  are  five  straightening 
presses.     The   loading   of   the   rails   onto   cars   is   done   by    skids. 

Fracture    Test    from    Every    Ingot. 

One.  matter  of  special  interest  at  the  present  time  is  the  nick  and 
break  test  of  the  top  rail  crop  from  ever)  ingot  as  called  for  in  the  specifi- 
cations of  the  Illinois  Central  Railroad,  for  whom  the  Algoma  company 
was  rolling  rails.  These  specifications  require  that  a  test  be  made  from 
each  ingot  and  that  the  fracture  be  free  from  defect  such  as  pipe  and 
free  from  the  fine  crystalline  structure  in  the  interior  indicating  segre- 
gation. In  order  to  break  the  rail  ends  expeditiously,  a  bulldozer  was 
fitted  with  a  bolder  that  a  rail  could  be  slid  into  from  the  side,  and  with 
a  ram  fitted  to  press  on  the  side  of  the  rail  and  break  it.  For  convenience 
the  rail  was  nicked  hot  on  the  flange  and  after  it  had  reached  a  black 
heat  it  was  dipped  into  water  to  cool  it  quickly.  Somewhat  later  Mr. 
Baldwin  expects  to  furnish  the  Kail  Committee  the  results  under  this 
system    of   inspection. 

DESCRIPTION  OF  RAIL  PLANT  OF  THE  BETHLEHEM   STLKL 

COMPANY. 

A  visit  was  made  on  July  14,  1015,  to  the  rail  plant  of  the  Bethlehem 
Steel  Company  by  Messrs.  C.  S.  Churchill,  E.  B.  Ashby  and  M.  It.  W'ick- 
horst,  members  of  the  Sub-Committee  on  Mill  Practice,  accompanied  by 
Messrs.  J.   H.  Gibboney  and   T.  A.  Colby. 

The  rail  plant  is  part  of  the  Saucon  Plant  of  the  Bethlehem  Steel 
Company,  located  at  South  Bethlehem,  Pa.  The  ores  are  obtained  from 
Cuba,  Sweden  and  Chili,  and  the  coal  supply  for  coke  production  and 
for  gas  producers  is  obtained  from  West  Virginia.  The  steel  for  rails 
is  made  by  the  basic  open-hearth  process. 

Ore. 

Average   analyses  of   the   several   ores  are   as   follows: 

Cuban  Swedish  Chilean 

Iron    56.00  66.00  67.00 

Manganese   30  -io  ■-'" 

Phosphorus    03  .20  .025 

Sulphur    30  .01  .01 

Silica    12.00  2.00  1.50 

Coal. 

The  coal  supply  for  metallurgical  processes  comes  from  West  Vir- 
ginia.     For   coke   making    Davis    and   Thomas    coals    are    used    and    for   the 


Davis 

Thomas 

23.00 

23.00 

69.OO 

67.(10 

8.00 

10.00 

1. 00 

1. 00 
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gas  producers  which  supply  the  open-hearth  furnaces,  Westmoreland  coal 

is   used.     The  average   analyses   of   these   coals   are   about   as    follows : 

Westmoreland 

Volatile    matter    .  .  ." 36.00 

Fixed  carbon    57-oo 

Ash     7.00 

Sulphur     1. 00 

Coke. 

The  coke  for  the  blast  furnaces  is  made  in  by-product  coke  ovens  an-! 
its  analysis  averages  about  as  follows: 

Moisture    3.50 

Volatile   matter    1.50 

Fixed   carbon      8400 

Ash     t  i.oo 

Sulphur    So 

Phosphorus    03 

Blast  Furnaces. 

The  blast  furnaces  are  located  at  the  Lehigh  plant  and  the  liquid 
metal  is  hauled  about  2J/2  to  3  miles  to  mixers  at  the  Saueon  plant,  where 
the  rails  are  made.  The  blast  furnace  metal  delivered  to  the  raii  plant 
has    about    the    following    composition : 

C  Si  S  P  Mn 

3.5  1.00  .04  .50  .60 

Steel    Making. 

The  blast  furnace  metal  is  poured  into  mixers,  of  which  there  are 
three,  having  capacities  of  250  tons,  450  tons  and  1,000  tons,  respectively. 
The  open-hearth  plant  has  16  furnaces  of  about  75  tons  capacity  each, 
or  a  monthly  open-hearth  capacity  of  about  75,000  tons.  This  plant 
furnishes  steel  for  two  mills,  the  rail  mill  and  the  structural  mill.  Tn 
making  the  steel,  the  furnace  is  charged  with  lime,  ore,  scrap  steel  and 
liquid  mixer  iron  in  the  order  mentioned.  The  carbon  is  worked  down 
to  about  .10  per  cent,  and  the  metal  is  recarbonized  by  adding  liquid  iron 
to  the  furnace.  The  recarbonizing  iron  has  about  the  following  com- 
position : 

C  Si  S  P  Mn 

3-5  i'»o  .04  .05  .60 

Most  of  the  ferro-manganese  is  also  added  to  the  furnace,  but  a 
portion  "(about  500  pounds)  is  added  to  the  ladle.  The  ferro-silieon  is 
added  to  the  ladle  while  pouring  the  steel  from  the  furnace.  The  aver- 
age time  of  a  heat  in  the  furnace  is  about   io'j   bonis. 

The  steel  is  poured  into  molds  measuring  10  by  -'3  inches  at  the  bot- 
tom and  the  ingots  weigh  aboul  8.000  pounds  each.  While  pouring  the 
ingots,  aluminum  is  added  equivalent  to  about  \]/2  oz.  of  aluminum  per 
ton  of  steel.  After  stripping,  (he  ingots  go  to  the  soaking  pits,  of  which 
there  are  44,  each  holding  4  ingots,   or  a  total  of    170  ingots. 
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Rail   Mill. 

Tlie  ingots  are  bloomed  in  15  passes  to  8  by  8  inches  in  a  40-inch, 
variable  draft,  reversible  mill,  driven  by  a  steam  engine,  twin  tandem 
compound  40-in.  by  66-in.  by  54-in.  The  blooming  mill  supplies  both  the 
rail  and  structural  mills.  The  blooms  are  cropped  in  an  800-ton  shear,  and 
cut  into  two  parts,  each  part  ordinarily  making  three  rails.  The  blooms 
are  then  taken  by  a  transfer  crane  to  a  reheating  furnace  which  holds 
about  60  blooms,  and  in  which  the  blooms  remain  about  one  hour.  The 
bloom  then  goes  through  a  28-inch  roughing  mill,  two-high,  driven  by  a 
reversing  steam  engine.  The  bar  is  given  five'  passes  in  this  stand.  It 
then  goes  through  a  28-inch,  three-high  mill  and  given  five  more  passes. 
Finally  the  bar  passes  through  a  28-inch,  two-high  finishing  mill.  The 
two  latter  stands  are  driven  by  the  same  engine.  The  stand  of  rough- 
ing rolls  is  driven  by  a  32-in.  by  56-in.  by  50-in.  twin  tandem  compound 
steam  engine  with  a  maximum  speed  of  125  r.p.m.  The  intermediate 
and  finishing  stands  are  driven  by  a  44-in.  by  76-in.  by  60-in.  cross  com- 
pound steam  engine,  85  r.p.m.  The  total  number  of  passes  from  the  in- 
got to  the  rail  is  26,  of  which  15  are  in  the  blooming  mill  and  11  to 
shape  the  rail.  The  rails  are  sawed  singly.  The  monthly  capacity  of 
the  rail  mill  is  about  24,000  tons.  There  are  6  hot  beds  about  70  feet 
long  each,  or  a  total  hot-bed  capacity  of  420  feet,  all  well  covered  and 
protected  from  the  weather.  There  are  six  gag  presses.  The  rails  are 
loaded  with  a  magnetic  crane. 

Changes  in   Practice. 

A  number  of  changes  have  been  made  in  recent  years,  the  main  object 
of  which  was  to  obtain  more  uniformity  of  conditions  of  manufacture, 
and  thus  more  uniformity  of  the  finished  rails.  In  the  open-hearth,  it  was 
formerly  the  practice  to  "catch  the  carbon  coming  down,"  but  the  present 
method  is  to  work  out  almost  all  the  carbon  and  then  recarbonize  by  add- 
ing liquid  blast  furnace  iron  to  the  bath  before  tapping,  thus  securing 
better  mixing  and  more  uniform  composition.  In  pouring  the  ingots 
attention  is  being  given  to  the  most  suitable  use  of  aluminum.  The 
effort  is  to  use  sufficient  aluminum  to  have  the  ingots  set  quietly  and 
thus  reduce  the  segregation,  but  not  enough  to  cause  very  deep  piping. 
The  amount  used  is  about  iT/2  ounces  per  ton  of  steel.  Since  February, 
1914,  the  blooms  have  been  run  from  the  blooming  mill  through  a  heat- 
ing furnace.  The  blooms  are  thus  started  in  at  the  rail  mill  at  a  more 
uniform  temperature   and  probably  also  at   a  little  higher   temperature. 
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DESCRIPTION  OF  RAIL  PLANT  OF  THE  CAMBRIA  STEEL  CO/ 

A  visit  was  made  on  August  25,  1915,  to  the  rail  plant  of  the  Cambria 
Steel  Company  by  Messrs.  C.  S.  Churchill,  W.  E.  F.  Armstrong  (repre- 
senting Mr.  J.  R.  Onderdonk)  and  M.  H.  Wickhorst,  members  of  the 
Sub-Committee  on  Mill  Practice,  accompanied  by  Messrs.  J.  H.  Gibboney 
and  J.  A.  Colby.  The  works  of  the  Cambria  Steel  Company  are  located 
at  Johnstown,  Pa.  The  rail  mill  is  located  at  the  Cambria  plant,  but 
most  of  the  open-hearth  steel  and  blooms  are  made  at  the  Franklin 
plant,  about  three  miles  distant.  The  iron  ore  is  obtained  from  the 
Lake  Superior  district;  the  coal  for  coke  making  is  obtained  partly  near 
Johnstown  from  Cambria  Steel  Company  mines  and  is  partly  Pittsburgh 
coal;  the  coke  is  partly  made  at  Johnstown  in  by-product  ovens  and  partly 
bought  as  bee-hive  coke  from  the  Connellsville,  W.  Va..  district;  the 
limestone  is  Pennsylvania  limestone. 

Ore. 

Representative  analyses  of  the  Lake  Superior  ores  used  are  given 
below  : 

Beaver  Harper 

As  Dried  As  Dried 

Received.  212°  F.  Received     212°  F. 

Iron    54-20  62.12  56.91  60.41 

Phosphorus 068  .078  .088,  .093 

Silica    2.98  3.42  5.14  546 

Manganese    21  .24  .11  .12 

Alumina    2.02  2.32  1.69  1.80 

Lime     10  .12  1.45  1.54 

Magnesia 16  .19  2.43  2.58 

Sulphur     009  .010  .015  .016 

Moisture    12.74  5-8o            

Coal. 

Below  are  given  representative  analyses  of  the  Franklin  coal,  ob- 
tained near  Johnstown,  as  washed  and  dried  at  212°  F.,  and  of  the  Pitts- 
burgh coal,  dried  at  2120  F. : 

Franklin.  P  ittsburgh. 

Volatile   Matter    18.58  33-09 

Fixed  Carbon    7425  58.75 

Ash    7.17  8.16 

Sulphur    1. 17  1.21 

Phosphorus     016  .015 

Ccke. 

The  coke  made  at  Johnstown  gives  about  the  following  analysis : 

Volatile   matter    82 

Fixed   carbon    89.14 

Ash    10.04 

Sulphur 83 
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Phosphorus   023 

Silica   4.56 

I ron  oxide   2.02 

Alumina    3.OO 

I  .ime    05 

Magnesia  32 

Limestone. 

A  representative  analysis  of  the  Pennsylvania  limestone  used,  dried  at 
2120  F.,  is  given  below: 

Calcium  carbonate  9-1-5 

Magnesium  carbonate    11 

Silica   3.24 

Alumina     90 

Phosphorus    008 

Blast   Furnaces. 

Most  of  the  open-hearth  steel  for  rails  is  made  at  the  Franklin  plant. 
This  has  8  blast   furnaces  with  a   capacity  of   500  tons  per  day  each,  or 
a  total  capacity  of  about   100,000  tons  of  iron  per  month.     The  metal  as 
delivered  to  the  open-hearth  plant,  shows  about  the  following  analysis  : 
Si  Mn  P  S 

.90  r.75  .15  .04 

Steel   Making. 

The  open-hearth  plant  at  Franklin  has  20  furnaces,  17  of  80  tons 
capacity  and  3  of  100  tons  capacity.  There  is  a  300-ton  mixer  and  it  is 
contemplated  to  change  this  to  a  1,000-ton  mixer.  The  furnaces  are 
charged  with  lime,  ore,  scrap  steel  and  liquid  iron,  the  usual  charge  being 
about  60  per  cent  iron  and  40  per  cent  scrap  steel.  The  bath  is  worked 
down  to  about  .30  per  cent,  carbon  and  the  metal  is  recarbonized  by 
adding  liquid  iron  to  the  furnace.  While  tapping  the  furnace,  ferro- 
manganese  (80  per  cent.)  and  fern-silicon  are  added  to  the  ladle.  Alumi- 
num is  added  to  the  molds  when  needed  to  quiet  the  steel.  The  ingots 
are  20^2x23  inches  at  the  bottom  and  weigh  about  7,000  pounds.  The 
Franklin  plant  has  two  sets  of  soaking  pits,  one  for  the  blooming  mill  and 
one.  for  the  slabbing  mill.  Each  set  consists  of  8  pits,  each  pit  holding 
16  of  the  20^x23-inch  ingots,  or  a  total  capacity  of  128  ingots  for  each 
mill.  * 

Rail   Making. 

The  blooming  is  done  at  the  Franklin  plant  in  a  40-inch,  2-high,  vari- 
able draft,  reversible  mill,  steam  driven.  The  ingots  are  bloomed  to 
9x10  inches  in  15  passes.  The  blooms  are  then  shipped  to  the  Cambria 
plant  for  rolling  into  rail.  They  are  first  charged  into  a  continuous 
bloom-heating  furnace  50  ft.  long,  the  cold  blooms  being  fed  at  one  end 
and  the  hot  blooms  being  drawn  out  at  the  other  end.  They  are  pushed 
through  by  electric  power.  From  the  continuous  furnace  the  blooms  go 
into  a  Siemen's  reheating  furnace  for  a  further  "wash"  heat.     Some  of  the 
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steel  for  rails  is  made  into  ingots  and  blooms  at  the  Cambria  plant,  and 
these  generally  go  from  the  bloomer  direct  into  the  Siemen's  reheating 
furnaces.  There  are  5  Siemen's  furnaces,  holding  15  blooms  each,  or  a 
total  capacity  of  75  blooms.  The  bloom  is  made  into  rail  in  12  shaping 
passes.  There  are  three  stands,  the  roughing  with  7  passes,  the  middle 
roughing  with  3  passes  and  the  finishing  with  2  passes.  This  makes  a  total 
of  27  passes  from  the  ingot  to  the  rail.  There  are  4  hot  beds,  two 
under  cover.  There  are  6  straightening  presses.  The  loading  of  the 
rails   is   done   with   magnet   cranes. 

Changes  in   Practice. 

A  number  of  changes  have  been  made  in  recent  years;  a  continuous 
reheating  furnace  has  been  installed  for  the  preliminary  reheating  of  cold 
blooms;  magnet  cranes  have  been  installed  for  loading  rails;  the  hot 
beds,  which  were  uncovered,  have  been  half  covered,  and  it  is  expected 
to  cover  the  entire  bed.  A  matter  of  considerable  interest  as  an  effort 
to  eliminate  segregation  from  the  rails,  is  the  work  which  has  been  done 
with  the  sink-head  process  of  making  ingots  as  recently  described  before 
the  American  Iron  and  Steel  Institute  by  E.  F.  Kenney,  Metallurgical 
Engineer  of  the  Cambria  Steel  Co.  Although  not  yet  incorporated  into 
regular  mill  practice,  a  considerable  number  of  rails  have  been  made  from 
such  ingots,  which  confine  the  pipe  and  segregation  close  to  the  top  of  the 
ingot,  and  allow  rails  to  be  made  free  from  these  defects  while  using  a 
usual  top   discard  of   10  per  cent. 

DESCRIPTION  OF  RAIL  PLANT  OF  THE  CARNEGIE  STEEL 

COMPANY. 

A  visit  was  made  on  August  24,  1915,  to  the  rail  plant  of  the  Carnegie 
Steel  Company  by  Messrs.  C.  S.  Churchill  and  M.  H.  Wickhorst.  mem- 
bers of  the  Sub-Committee  on  Mill  Practice,  accompanied  by  Messrs.  J. 
H.  Gibboney  and  J.  A.  Colby.  The  plant  is  located  at  Braddock.  Pa.,  and 
is  known  as  the  Edgar  Thompson  Works  of  the  Carnegie  Steel  Com- 
pany. The  ores  are  from  the  Mesaba  Range  of  the  Lake  Superior  Dis- 
trict. The  coke  for  the  blast  furnaces  is  from  the  Connellsville  district 
of  West  Virginia  and  the  coal  for  the  open-hearth  furnaces  is  from  the 
Pittsburgh  district. 

Ore. 

Mesaba  ores  are  used  for  making  the  basic  pig  iron  and  representa- 
tive analyses  of  the  several  ores  used  are  given  below : 

SiO,         Iron       Mn  P        A1,0,    CaO     MgO        S 

Group     1 6.89 

Group    2 5.95 

Group     3 6.24 

Group     4 9.21 

Group     7 12.08 

Group  10 12.75 


59-29 

.66 

.046 

1.85 

.50 

55 

.165 

60.60 

.69  . 

.051 

2.02 

.50 

58 

"55 

5/02 

1.12 

.081 

2.08 

.46 

5? 

•055 

54-88 

.98 

.104 

2.78 

•44 

65 

.165 

53.6i 

78 

.082 

3.00 

.58 

58 

■<*'? 

56.50 

■57 

.040 

2.10 

•44 

55 

.041 
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Coke. 

A  representative  analysis  of  the  Connellsville  coke  used  is  given 
below : 

Volatile  matter  , i.oo 

Fixed  carbon    88.60 

Ash   10.40 

Sulphur  84 

Silica   5.96 

Iron   92 

Alumina    '. 3.20 

Phosphorus    013 

Lime    12 

Magnesia    11 

Coal. 

A  representative  analysis  of  the  Pittsburgh  coal  used  for  the  open- 
hearth  producers   is  given  below : 

Volatile  matter 29.00 

Fixed  carbon    63.20 

Ash    7.80 

Sulphur    95 

Phosphorus    010 

Limestone. 

The  limestone  for  the  blast  and  open-hearth  furnaces  is  obtained  in 
the  neighborhood  of  Pittsburgh  and  a  representative  analysis  is  as  follows : 

Calcium  oxide    49/0 

Magnesium  oxide   4.39 

Iron  and  aluminum  oxides   1.60 

Silica   1.60 

Sulphur  11 

Phosphorus    007 

Blast  Furnaces. 

There  are  11  blast  furnaces  with  a  capacity  of  150,000  tons  of  iron 
per  month,  and  they  furnish  iron  for  both  the  Bessemer  and  open-hearth 
plants.  A  representative  analysis  of  the  basic  iron  furnished  for  the 
open-hearth  mixer  is  as  follows : 

C  Si  S  P  Mn 

3-5  to  4-0        '         1.5  035  .20  1.60 

Steel   Making. 

The  liquid  iron  is  brought  to  the  open-hearth  plant  and  poured  into  a 
500-ton  mixer.  There  are  14  open-hearth  furnaces  of  100  tons  capacity 
per  charge,  with  a  total  capacity  of  70,000  tons  of  steel  per  month.  The 
method  of  operation  is  to  charge  lime,  ore,  scrap  steel  and  liquid  iron 
and  work  the  carbon  almost  all  out  of  the  metal.  The  metal  is  then  re- 
carbonized  and  the  manganese  also  added  at  the  same  time,  by  adding 
to  the  furnace  a  mixture  of  liquid  iron  and  spiegel.  If  more  silicon  is 
needed  than  furnished  by  the  recarbonizer  it  is  added  as  ferro-silicon 
to  the  ladle  while  tapping  the  furnace.    Aluminum  is  added  to  the  molds 
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while  pouring  the  steel  into  them.  The  amount  used  is  about  ten  pounds 
aluminum  for  a  105-ton  heat,  or  about  ll/i  ounces  per  ton  of  steel.  With 
high  silicon  heats  the  aluminum  may  be  omitted  as  unnecessary  to  keep 
the  steel  quiet  in  the  molds.  The  recarbonizing  metal  is  a  mixture  of 
blast  furnace  iron  and  Spiegel,  which  latter  is  melted  in  a  cupola  previous 
to  mixture  with  the  liquid  iron,  which  is  done  in  a  special  mixer  for  the 
recarbonizing  metal.  The  recarbonizer  has  about  the  following  analysis : 
C  Mn  Si 

425  5-00  1.25 

The  composition  of  the  spiegel  is  about  as  follows :  Mn.,  19  00  per  cent. ; 
Si.,  1.00  per  cent.  The  molds  are  23^  inches  square  at  the  bottom  and 
the  ingots  are  made  about  70  inches  high. 

Rail   Mill. 

There  are  21  soaking  pits  holding  10  ingots  each,  or  a  total  capacity 
of  210  ingots.  The  first  part  of  the  blooming  is  done  in  a  set  of  two 
stands  of  two-high  rolls  driven  by  a  steam  engine  running  70  rev.  per 
min.  and  geared  down  to  drive  the  rolls  4.4  rev.  per  min.  The  ingot 
goes  through  a  pass  in  each  stand,  is  returned  by  means  of  turntables 
and  return  rolls  to  the  first  stand  and  makes  another  pass  in  each  stand. 
This  makes  four  passes  and  reduces  the  ingot  to  a  bloom  15x17  inches. 
It  then  goes  to  the  third  blooming  stand.  This  is  three-high,  gives  the 
bloom  seven  passes  and  reduces  it  to  10x10  inches.  After  making  a  top 
discard  of  about  25  per  cent.,  the  bloom  is  cut  into  three  or  four  parts 
of  two  rail  lengths  each.  The  blooms  then  go  to  the  reheating  furnaces, 
of  which  there  are  four,  holding  nine  blooms  each,  or  a  total  capacity 
of  36  blooms. 

The  bloom  is  shaped  into  rail  in  13  passes,  distributed  among  three 
stands.  The  roughing  stand  has  7  passes,  the  intermediate  stand  has  5 
passes  and  the  finishing  stand  1  pass.  The  total  number  of  passes  from 
the  ingot  to  the  rail  is  24.  The  rails  are  sawed  two  at  a  time.  They  are 
loaded  with  magnet  cranes. 

Changes  in  Practice. 

The  Edgar  Thomson  Works  have  been  in  process  of  reconstruction 
for  several  years  and  the  work  is  now  largely  completed.  These  works 
originally  made  only  Bessemer  steel,  and  when  the  call  came  for  open- 
hearth  rails,  the  blooms  were  obtained  from  the  Homestead  Works  of  the 
Carnegie  Steel  Co.  The  Edgar  Thomson  Works  now  have  a  large,  well- 
appointed  open-hearth  plant,  and  one  matter  of  special  interest  and  im- 
portance as  regards  the  quality  and  uniformity  of  the  rail  output  is  the 
method  of  making  the  additions  of  carbon,  manganese  and  silicon.  These 
are  added  in  liquid  form  to  the  furnace,  thus  insuring  quick  reaction  and 
a  thorough  mixture  of  the  metal  in  the  ladle  before  pouring  the  ingots. 
The  loading  yard  has  been  rebuilt  and  is  supplied  with  magnet  cranes. 
The  blooming  mill  is  new  and  the  rail  shaping  mill  is  now  being  rebuilt. 
It  is  also  the  practice  with  heavy  rails  to  make  a  discard  of  30  per  cent, 
from  the  top  of  the  ingot. 
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DESCRIPTION   OF   RAIL   PLANT  OF  THE   COLORADO   FUEL  & 
IRON    COMPANY. 

A  visit  was  made  on  September  7,  191.5,  to  the  rail  plant  of  the 
Colorado    Fuel    &    Iron    Company    by    Messrs.    H.    J.    Boughton,    A.    L. 

Davis,  J.  I!.  Gibboney  and  M.  M.  Wickhorst.  The  steel  works  of  the 
company,  including  the  rail  plant,  are  located  at  Pueblo,  Colo.,  and  are 
known  as  the  Minnequa  Works.  Most  of  the  iron  ore  is  obtained  from 
Sunrise,  Wyo.,  but  some  is  obtained  from  Oro  Grande,  N.  M.  The 
coal  is  obtained  from  the  Trinidad  district  of  Colorado,  and  the  coke  i< 
made  in  that  territory  previous  to  shipment  to  Pueblo.  The  limestone 
and   dolomite  are  obtained  in  Colorado,  near  Pueblo. 

Ore. 

Representative  analyses  of  the  iron  ores  are  given  below,  snowing 
the   dry  ores : 

Sunrise,  Wyo.      Oro  Grande.  N    M 

Iron     56.20  58.50 

Phosphorus    076  .033 

Silica    iooo  7.50 

Manganese    17  trace 

1  ron  protoxide 4.00 

Manganese  oxide 22  trace 

Alumina  3.78  

Lime    95  2.70 

Magnesia 13  .29 

Copper    08  

Sulphur    041  .315 

Loss  on  ignition   2.20  4.45 

Coke. 

The  coke  for  the  blast  furnaces  is  made  in  bee-hive  ovens  from  Trini- 
dad coal  and  shipped  to  Pueblo.  Representative  analyses  of  the  cokes  used 
are  given  below  : 

Fixed       Volatile 
Kind  Carbon        Matter  Ash         Sulphur        Phos.        Moist. 

Segundo  80.78  .85  18.02  .548  .116  .35 

Sopris    78.80  1.50  19.35  .580  .006  .35 

Tabasco   80.97  1.65  17.13  .712  004  .25 

Limestone. 

The  limestone  and  dolomite  are  obtained  in  Colorado  and  In-low  are 
given   representative  analyses: 

Limestones 1  >olomite 

Special  San 

Howard           Howard  Carlos         Canon  City 

Phosphorus  ..     .006                 .013  .037                 .012 

Silica     1.68                    1.30  4.  So                    1.74 

Iron    peroxide     .24                  1.12  .00                   .67 


.73 

1. 19 

1.1.1 

54-38 

52.71 1 

30.9S 

trace 

trace 

20.21 

.03 1 

•  .041 

.033 
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Alumina    26 

Lime   54.38 

Magnesia    .  .  .trace 

Sulphur 038 

Blast   Furnaces. 

There  are  six  blast  furnaces  each  of  350  Ions  capacity  per  24  hours. 
A  representative  analysis  of  the  hlast  furnace  metal  delivered  to  the  open- 
hearth  plant  is  as  follows : 

Si  S  P  Mn  C  Cu 

1.52  .025  .174  .30  4.  TO  .     .20 

Steel   Making. 

The  open-hearth  plant  has  fifteen  furnaces  of  65  tons  capacity,  or  a 
total  monthly  capacity  of  45,000  tons.  The  hot  metal  from  the  hlast  fur- 
naces is  charged  into  a  200-ton  mixer.  The  operation  of  the  furnace  is 
to  charge  lime,  scrap  steel  and  either  hot  metal  from  the  mixer  or  cold 
pig  iron  or  both.  When  hot  metal  is  used,  mill  scale  is  also  charged  with 
the  lime  and  scrap  steel,  to  aid  in  oxidizing  the  metalloids.  The  carbon 
is  worked  down  to  below  .10  per  cent,  and  the  metal  is  recarbonized  by 
adding  liquid  iron  to  the  furnace.  The  manganese  and  silicon  are  added 
as  cold  spiegel  partly  to  the  furnace  and  partly  to  the  ladle  while  tap- 
ping the  furnace.  The  spiegel  is  made  at  Pueblo  from  Leadvillc.  Colo.,  ore, 
and  has  about  the  following  analysis:  Mn,  35  per  cent.:  Si.  2.0  per  cent.: 
P,  .15  per  cent.  Aluminum  is  added  to  the  molds  while  pouring  the  steel, 
equivalent  to  about  1  oz.  per  ton  of  steel  and  after  pouring  the  ingots  they 
are  capped  with  an  iron  plate  to  insure  a  flat  top  and  prevent  the  steel 
from  rising.  The  molds  are  20x22  inches  at  the  bottom.  There  are  six 
soaking  pits,  four  holes  each,  and  each  hole  holding  six  ingots,  or  a 
total   capacity   of    144   ingots. 

Rail   Mill. 

The  ingots  are  bloomed  in  13  passes  to  8x8  inches,  in  a  38-inch  re- 
versing mill,  steam  driven,  with  adjustable  top  roll.  The  grooves  in  the 
rolls  are,  respectively,  19.  I3!4,  10  and  8  inches  between  collars.  The 
blooms  are  sheared  with  hydraulic  shears.  They  are  direct  rolled  into 
rail  without  reheating  in  10  shaping  passes.  The  shaping  rolls  are  in 
two  stands,  five  passes  in  the  roughing  rolls  and  five  in  the  finishing  rOtts. 
Another  stand  is,  however,  being  installed  in  which  to  give  the  rail  its 
final  pass,  and  this  will  then  reduce  the  number  of  passes  in  the  second 
stand  to  four.  The  total  number  of  passes  from  ingot  to  rail  is  23.  The 
rails  are  sawed  singly.  There  are  three  hotbeds,  each  100  ft.  long,  or  a 
total  hotbed  length  of  300  ft.,  all  under  cover.  There  are  7  straightening 
presses  and  14  drill  presses.    The  loading  is  done  on  skids. 
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DESCRIPTION  OF  RAIL  PLANT  OF  THE  ILLINOIS  STEEL 
COMPANY,  GARY  WORKS. 

A  visit  was  made  on  September  9,  191 5,  to  the  rail  plant  of  the 
Gary  Works  of  the  Illinois  Steel  Company  by  Messrs.  A.  S.  Baldwin  and 
M.  H.  Wickhorst,  members  of  the  Sub-Committee  on  Mill  Practice,  ac- 
companied by  Messrs.  W.  J.  Boughton,  A.  L.  Davis,  J.  H.  Gibboney  and 
H.  B.  MacFarland.  The  plant  is  lncated  at  Gary,  Ind.,  at  the  south  end 
of  Lake  Michigan.  The  iron  ores  are  obtained  from  the  Lake  Superior 
district,  the  coal  supply  is  obtained  from  West  Virginia  and  Kentucky,  the 
coke  is  made  at  Gary  and  the  limestone  supply  is  obtained  from  Michigan 
and   Illinois. 

Ore. 

The  ore  is  from  the  Mesaba  range  of  the  Lake  Superior  district, 
and  below  is  given  a  representative  analysis  of  the  ore  dried  at  100°  C. 
The  moisture  in  the  natural  ore  is  about  12  per  cent. : 

Ir°n    57-5 

Silica   7.0 

Lime  0.7 

Magnesia    0.4 

Alumina    2.1 

Sulphur 022 

Phosphorus    10 

Loss  on   ignition   7.5 

Coal. 

The  coal  used  for  making  coke  is  partly  Pocahontas,  West  Virginia, 
coal  and  partly  Elkhorn,  Ky.,  coal,  and  representative  analyses  of  the 
dried   coals  are  given   below : 

Pocahontas      Elkhorn 

Volatile    16.5  35.0 

Fixed  carbon   77.0  57.5 

Ash    6.5  7.5 

Sulphur    0.5  0.6 

Phosphorus   trace  .012 

Coke. 

The  coke  is  made  at  Gary  in  8  batteries  of  Koppers  by-product  ovens 
of  70  ovens  each,  or  a  total  of  560  ovens.  The  coal  used  consists  of  30 
per  cent.  Pocahontas  and  70  per  cent.  Elkhorn  coal,  and  a  representative 
analysis  of  the   dry  coke  obtained   is  as   follows  : 

Volatile    1.25 

Fixed  carbon 91 .00 

Ash    7.75 

Sulphur    0.60 

Phosphorus    01 
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Limestone. 

The  supply  of  limestone  is  obtained  from  Calcite,  Mich.,  and  from 
Fairmont,  111.,  and  representative  analyses  are  as   follows : 

Fairmont  Calcite 

Calcium    carbonate    95.6  98.25 

Magnesium  carbonate 8  .55 

Silica 2.0  .75 

Iron  oxide 1.0  .15 

Alumina    0.6  .30 

last  Furnaces. 

Gary  has  eight  blast  furnaces  of  about  400  tons  capacity  per  24  hours 
.•ach.  The  metal  supplied  to  the  open-hearth  plant  for  rail  steel  shows 
about  the  following  analysis : 

C  Mn  P  S  Si 

4.2  1.5  .2  .035    .  1.2 

Steel   Making. 

Gary  has  four  open-hearth  plants  with  a  total  of  42  open-hearth  fur- 
naces, each  of  100  tons  capacity.  Plants  3  and  4  furnish  rail  steel.  Plant 
No.  3  has  one  300-ton  mixer  and  plant  No.  4  has  two  300-ton  mixers.  The 
steel  is  made  by  charging  lime,  ore  and  scrap  steel  to  the  furnace,  heating 
for  about  two  hours  and  then  charging  liquid  iron  from  the  mixer.  The 
carbon  is  then  worked  down  to  about  .2  per  cent,  and  the  metal  recar- 
bonized  by  adding  liquid  iron  to  the  furnace.  Ferro-manganese  (80  per 
cent.)  and  ferro-silicon  (50  per  cent.)  are  added  to  the  ladle  while  tap- 
ping the  furnace.  No  additions  are  made  to  the  mold.  The  molds  are 
20x24  inches  at  the  bottom.  For  the  rail  mill  there  are  12  soaking  pits, 
4  holes  each,  each  hole  holding  4  ingots,  or  a  total  capacity  of  192  ingots. 

Rail   Mill. 

The  ingots  are  bloomed  to  7j^x8  inches  in  9  passes.  The  ingot  first 
goes  through  four  two-high  tandem  blooming  rolls,  making  one  pass  in 
each.  Then  the  bloom  is  given  five  passes  in  a  three-high  blooming  mill. 
The  bloom  is  shaped  into  rail  without  reheating  in  nine  passes,  making 
a  total  of  18  passes  from  the  ingot  to  the  rail.  There  are  six  hot-beds, 
each  100  ft.  long,  or  a  total  hot-bed  length  of  600  ft.,  all  under  cover. 
There  are  16  straightening  presses.  The  rails  are  loaded  with  magnet 
cranes. 

DESCRIPTION  OF  RAIL  PLANT  OF  THE  LACKAWANNA  STEEL 

COMPANY. 

A  visit  was  made  on  September  23.  191 5.  to  the  rail  plant  of  the 
Lackawanna  Steel  Company  by  Messrs.  J.  A.  Colby,  J.  H.  Gibboney  and 
M.  H.  Wickhorst.  The  steel  works  of  the  company  are  located  at  Buf- 
falo, N.  Y..  on  the  shore  of  Lake  Erie.  The  ore  is  obtained  from  the 
Lake  Superior  district,  the  coal  from  Pennsylvania  and  the  limestone  from 
New  York. 
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Ore. 

The   principal   ore   supply   is    from    the    Mesaba   range   of   the   Lake 

Superior  district  and  the  following  is  an  average  analysis  of  the  dried  ore: 

I  ron    57.0 

Silica    6.5 

Calcium  oxide 1.0 

Aluminum  oxide   2.0 

Phosphorus 15 

Sulphur  02 

Coal. 

Part  of  the  coal  for  making  coke  is  mined  at  Ellsworth,  Pa.,  and  the 

following  is  an  average  analysis  of  it: 

Volatile  matter   33 

Fixed  carbon   57 

Ash 8 

Moisture    2 

Coke. 

Some  of  the  coke  is  made  from  Ellsworth  coal  in  bee-hive  ovens 
at  Ellsworth  and  some  is  made  at  Buffalo  in  a  plant  of  700  Otto-Hoffman 
by-product  coke  ovens  from  a  mixture  of  about  75  per  cent.  Ellsworth 
coal  and  25  per  cent,  other  coals,  mixed  so  as  to  give  about  27  per  cent 
volatile.  The  bee-hive  coke  constitutes  about  40  per  cent  of  the  coke 
used  in  the  blast  furnaces.  These  cokes  show  about  the  following  an- 
alyses of  dried  samples: 

Ellsworth 

Bee-Hive  •  By- Product 

Volatile    matter    1.0  1.5 

Fixed  carbon   89.5  90.0 

Ash    9.5  8.5 

Limestone. 

The  limestone  is  obtained  from  Pekin,  N.  Y.,  and  the  following  is 
an  average  analysis  of  it: 

Calcium  carbonate 95.0 

Magnesium    carbonate     2.8 

Silica    1.0 

Aluminum  oxide   1.0 

Iron   oxide    0.2 

Blast   Furnaces. 

There  are  7  blast  furnaces,  5  of  500  tons  capacity  per  24  hours  and  2 
of  200  tons    capacity.     The  iron  shows  about  the  following  analysis: 

Carbon   3.75 

Silicon     " 1.25 

Manganese  90 

Phosphorus    30 

Sulphur    05 
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Steel    Making. 

The  steel  for  rails  is  made  about  SO  per  cent  by  the  straight  open- 
hearth  process  and  about  50  per  cent  by  the  duplex  process.  There  is  a 
Bessemer  plant  with  four  12-ton  converters  and  two  open-hearth  plants. 
One  open-hearth  plant  has  14  furnaces,  7  80-ton  and  7  100-ton.  The 
new  plant  has  6  open-hearth  furnaces,  4  100-ton  stationary  and  2  250-ton 
lilting  furnaces.  The  old  open-hearth  .plant  makes  straight  open-hearth 
steel.  It  has  a  600-ton  mixer.  The  new  open-hearth  plant  is  located  next 
to  the  Bessemer  plant  and  makes  largely  duplex  steel.  The  Bessemer 
plant  in  conjunction  with  the  new  open-hearth  has  two  300-ton  mixers. 
In  making  duplex  steel  the  metal  is  first  blown  in  a  Bessemer  converter, 
transferred  to  an  open-hearth  furnace,  which  has  been  charged  with  lime- 
stone, some  liquid  iron  added  and  the  carbon  worked  down  to  about  .2 
per  cent.  The  furnace  is  tapped  and  the  metal  recarbonized  by  adding 
liquid  spiegel  to  the  ladle  while  tapping  the  furnace.  This  also  adds 
the  needed  manganese  and  silicon.  When  needed  to  quiet  the  steel,  alum- 
inum is  added  to  the  molds.  The  spiegel  is  melted  in  a  cupola  and  con- 
tains about  10  per  cent,  manganese  and  1.5  per  cent,  silicon.  The  molds 
are  mxig  inches  at  the  bottom  and  the  ingots  average  about  4,500  pounds. 
There  are  28  soaking  pits,  holding  6  ingots  per  pit,  or  a  total  capacity  of 
168  ingots. 

Rail   Mill. 

The  ingot  is  rolled  in  6  passes  to  a  bloom  8x8  inches.  It  first  receives 
one  pass  in  each  of  two  stands  of  tandem  rolls  and  then  four  passes  in  a 
two-high  reversing  mill.  The  bloom  is  rolled  into  rail  in  9  shaping  passes 
divided  among  3  stands,  having,  respectively,  4,  4  and  1  pass.  The  total 
number  of  passes  from  the  ingot  to  the  rail  is  15.  One  important  feature 
of  the  rolling  at  this  plant  is  the  introduction  between  the  first  and  sec- 
ond stands  of  shaping  rolls,  of  a  "deseamer,"  which  is  a  machine  recently 
devised  for  milling  the  hot  bar  on  the  head  and  base  to  remove  most 
of  the  defects  in  the  surface.  The  rails  are  sawed  singly.  There  are  four 
hot-beds,  two  of  them  147  ft.  long  and  two  i2oJ/>  ft.  long,  or  a  total  hot- 
bed length  of  553  ft.,  all  under  cover.  There  are  13  straightening  presses. 
The  rails  are  loaded  with   magnet  cranes. 

Changes  in   Practice. 

A  number  of  improvements  and  changes  have  been  made  in  recent 
years.  An  additional  open-hearth  plant  has  been  built  and  the  duplex 
method  has  been  instituted  for  about  50  per  cent,  of  the  rail  steel  made. 
Eight  soaking  pits  have  been  added.  The  hot-beds  have  been  covered  over 
and  magnet  cranes  have  been  installed.  The  most  notable  improvement 
from  the  standpoint  of  rail  quality  has  been  the  installation  of  a  "de- 
seamer," an  invention  designed  in  the  first  place  to  remove  the  seams  from 
the  base  of  the  rail  and  afterward  extended  to  do  likewise  with  the  head. 
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DESCRIPTION   OF   RAIL   PLANT  OF   THE  MARYLAND   STEEL 

COMPANY. 

A  visit  was  made  on  September  24,  1915,  to  the  works  of  the  Mary- 
land Steel  Company  by  Messrs.  J.  A.  Colby,  J.  H.  Gibboney  and  M.  H. 
Wickhorst.  These  works  are  located  at  Sparrow's  Point,  Md.,  on  the 
Chesapeake  Bay,  accessible  to  ocean  vessels.  The  ores  are  obtained  from 
Cuba,  the  coal  is  obtained  from  Pennsylvania,  the  limestone  from  West 
Virginia,  and  the  dolomite,  which  is  also  used  in  the  blast  furnaces,  is 
obtained   from  Pennsylvania. 

The  ore  supply  consists  of  about  two-thirds  Mayari  ore  from  the 
northern  part  of  Cuba  and  about  one-third  Daiquiri  ore  from  the  south- 
ern part  of  Cuba.  The  natural  Mayari  ore  contains  about  30  per  cent, 
of  moisture  and  previous  to  shipment  from  Cuba  it  is  dried  and  noclulized. 
Representative  analyses  of  the  ores  as  received  at  Sparrow's  Point  are  as 
follows : 

Mayari  Daiquiri 

Iron   54-98  58-00 

Silica   3.45  10.70 

Aluminum  oxide 14.00  1.08 

Sulphur    11  .52 

Phosphorus    ._ 02  .025 

Manganese    85  .24 

Moisture  270  1 .56 

Copper    trace  .20 

Chromium  2.03 

Nickel  90 

Carbon  19 

Titanium    oxide    60 

Vanadium  trace 

The  carbon  in  the  Mayari  ore  comes  from  the  coal  used  for  nodulizing. 

Coal. 

The  coal  for  making  coke  is  75  per  cent,  from  Clearfield  and  Indiana 
Counties,  Pennsylvania,  and  25  per  cent,  from  Washington  County,  Penn- 
sylvania.    Representative  analyses  of  the  dry  coals  are  as   follows : 

Clearfield 
and  Indiana  Washington 
Counties  County 

Volatile    matter    25  33 

Fixed    carbon    65  58 

Ash   10  9 

Sulphur    1.25  i.l 

Phosphorus    015  .01 

Moisture  in  natural  coal 3.0  2.5 
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Coke. 

The  coke  is  made  at  Sparrow's  Point  in  a  plant  of  J  20  Koffers  by- 
product ovens,  from  a  mixture  of  the  above  coals.  The  yield  of  dry 
coke  is  about  67  per  cent,  of  the  dry  coal  and  the  capacity  is  about  1,450 
gross  tons  of  coke  per  day.  The  moisture  in  the  coke  is  about  eight  per 
cent.,  and  below  is  given  a  representative  analysis  of  the  dry  coke : 

Volatile  matter    ' 1.5 

Fixed  carbon 86.0 

Ash    12.5 

Sulphur     1.1 

Phosphorus  012 

Limestone  and    Dolomite. 

In  the  blast  furnaces  about  50  per  cent,  limestone  and  50  per  cent, 
dolomite  are  used.  The  limestone  is  from  Martinsburg,  W.  Ya.,  and  the 
dolomite  is  from  Bainbridge,  Pa.  Representative  analyses  are  given  be- 
low :  ,.  .  ,    .       .,     , 

Limestone       Dolomite 

Calcium  carbonate  93-50  53.13 

-    Magnesium  carbonate  2.00  42.00 

Silica   2.00  2.25 

Aluminum  oxide 45  .55 

Iron  oxide 40  .60 

Sulphur   trace  trace 

Phosphorus    trace  trace 

Blast  Furnaces. 

There  are  four  blast   furnaces   with  a  capacity  of  450  tons  per  day 

each,  or  a  total  monthly  capacity  of  54,000  tons.     The  iron  delivered  to 

the  mixers   shows   about  the   following  analysis : 

Carbon 4.25 

Silicon     85 

Phosphorus     05 

Sulphur  025 

Manganese    90 

Chromium     2.00 

Nickel    1.90 

Titanium    10 

Copper    10 

Steel   Making. 

The  steel  for  rails  is  made  mostly  by  the  duplex  process,  in  which 
the  steel  making  is  started  in  a  Bessemer  converter  and  finished  by  the 
open-hearth  process.  The  Bessemer  plant  has  three  18-ton  converters,  four 
iron  cupolas  and  one  1,000-ton  mixer.  The  open-hearth  plant  has  five 
tilting  furnaces  of  50  tons  capacity  each  and  one  140-ton  mixer,  used 
mostly  for  recarbonizing  metal.  The  open-hearth  furnace  is  charged  with 
limestone,  roll  scale  and  "transfer''  metal  (that  is,  partly  blown  metal 
from  the  Bessemer),  containing  about  one  per  cent,  carbon.     The  carbon 
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is  worked  down  to  about  .2  per  cent  and  the  furnace  is  tapped,  the  metal 
being  recarbonizcd  by  adding  spiegelized  liquid,  iron  to  the  ladle  while 
tapping  the  furnace  and  before  the  slag  starts  to  come.  The  spiegel  is  ob- 
tained from  the  New  Jersey  Zinc  Company,  and  its  average  analysis  is 
given  below,   together  with   the  average  analysis  of  the   spiegelized  recar- 

bonizing  mixture:  Ar  _  _.  _ 

Mn  I  Si  C 

Spiegel 20.0         .06  .9        5.0 

Recarbonizer    12.5         .06         1.5         4.5 

Aluminum   is  added  to   the   molds  when   needed  to  quiet  the  steel.      The 

ingots   are   21x23   inches   at   the   bottom   and   weigh   about    6.500    pounds. 

There  are  12  soaking  pits  holding  six  fagots  each,  or  a  total  of  ~2  ingots. 

The  minimum  time  in  the  soaking  pits  is  one  hour  and  thirty-five  minutes. 

Rail   Mill. 

The  ingots  are  bloomed  to  8x8  inches  in  fifteen  passes  in  a  36-inch 
variable  draft  reversing  mill,  steam  driven.  In  addition  to  the  top  and 
bottom  crops,  the  bloom  is  sheared  into  two  parts,  the  top  part  ordinarily 
making  three  rails  and  the  bottom  part  making  two  rails,  when  of  100-lb. 
section.  The  bloom  is  shaped  into  rail  in  eleven  passes,  making  26  passes 
from  the  ingot  to  the  rail.  There  are  three  stands,  the  roughing  stand 
having  six  passes,  the  intermediate  stand  four  passes  and  the  finishing 
stand  one  pass.  The  rails  are  sawed  to  length  singly.  There  are  six  hot- 
beds, each  56  ft.  long,  or  a  total  length  of  336  ft.,  all  under  cover.  There 
are  eight  straightening  presses  and  fourteen  drill  presses.  The  rails  are 
loaded  with  magnet  cranes. 

Changes   in   Practice. 

During  recent  years  a  number  of  changes,  have  been  made.  The  ore 
supply  was  formerly  obtained  from  Spain  and  is  now  obtained  from 
Cuba.  The  blast  furnaces  have  been  rebuilt,  including  improvements  in 
methods  of  charging,  and  a  1,000-ton  mixer  has  been  installed.  An  open- 
hearth  plant  has  been  built.  Two  soaking  pits  have  been  added.  Magnet 
cranes  have  been  installed.  A  bloom  heating  furnace  has  been  built,  but 
has  not  yet  been  put  into  operation. 

DESCRIPTION   OF   RAIL   PLANT  OF  THE    PENNSYLVANIA 
STEEL   COMPANY. 

A  visit  was  made  on  September  2^,,  IQ15,  to  the  works  of  the  Penn- 
sylvania Steel  Company  by  Messrs.  J.  A.  Colby.  T.  H.  Gibboney  and  M.  H. 
Wickhorst.  These  works  are  located  at  Steelton,  Pa.,  a  few  miles  dis- 
tant from  Harrisburg.  The  ore  supply  at  present  is  partly  from  Cuba 
and  partly  from  the  Lake  Superior  district  Normally  the  ore  would 
come  mostly  from  Cuba,  but  under  present  war  conditions,  there  is  dif- 
ficulty in  getting  satisfactory  shipment  of  a  sufficient  supply  of  Cuban 
ore.  The  coal  for  making  coke  and  the  limestone  arc  obtained  in  Penn- 
sylvania. 
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Ore. 

A  number  of  ores  are  used,  but  the  supply  consists  mostly  of  Mayari, 
Cuba,  and  Lake  Superior  ores  from  the  Beaver  and  Harper  mines.  Rep- 
resentative analyses  of  these  are  given  below.  The  Mayari  analysis  is 
of  the  npdulized  ere  as  received  and  the  other  analyses  represent  the  dried 
ore.  Beaver  ore  as  received  contains  about  8  per  cent,  moisture  and  the 
Harper  ore  about  2  per  cent.  : 

Mayari  Beaver  Harper 

Iron    54-98  61.0  57.0 

Silica    3.45  4.0  6.0 

Aluminum  oxide    14.00  2.0  0.5 

Sulphur     11  ....  .... 

Phosphorus     02  .09  .68 

Manganese     85  .3  .25 

Chromium    2.03 

Nickel    90 

Carbon 19 

Moisture   2.70 

Titanium   oxide    60 

Vanadium   trace 

Copper   trace 

Coal. 

The  coal  for  making  coke  is  obtained  from  the  Perm-Man  mine 
at  Heilwood,  Indiana  County,  Pennsylvania.  The  coal  is  washed  before 
making  coke  of  it  and  below  are  given  representative  analyses  of  the 
dried  coal,  natural  and  washed  : 

Washed        Natural 

Volatile  matter   28  26.5 

Fixed  carbon   .  .  . 64  62.0 

Ash    8  11.5 

Sulphur    1.25  2.0 

Coke. 

The  coke  is  made  in  a  plant  of  120  Semet-Solvay  by-product  coke 
ovens  with  a  capacity  of  1,100  tons  per  day.  A  representative  analysis 
of  the  dry  coke  is  as  follows: 

Volatile  matter 1.00 

Fixed  carbon    Si  1.25 

Ash    9.75 

Sulphur    1. 00 

Limestone. 

The  limestone  is  obtained  from  a  quarry  at  Steelton  and  the  follow- 
ing  is   a   representative   analysis   of   it: 

Calcium  carbonate   78.1 16 

Magnesium  carbonate i  5.35 

Silica     5.04 

Iron  oxide   ~2 

Aluminum  oxide    04 
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Blast   Furnaces. 

There  are  six  blast  furnaces  at  Steelton,  five  of  350  tons  per  day  ca- 
pacity and  one  of  500  tons  capacity.  A  representative  analysis  of  the 
iron  from  the  blast  furnaces  is  as  follows : 

Carbon    3.50 

Silicon  1.3d 

Manganese  65 

Sulphur 03 

Phosphorus    13 

Chromium    17 

Nickel    ..: 13 

Copper   06 

Steel   Making. 

Steel  is  made  by  both  the  straight  open-hearth  and  duplex  processes. 
There  are  two  Bessemer  converters  of  25  tons  capacity  each,  six  sta- 
tionary open-hearth  furnaces  of  90  tons  capacity  each,  two  tilting  open- 
hearth  furnaces  of  200  tons  capacity  each  and  two  mixers,  one  of  400 
tons  capacity  and  one  of  800  tons  capacity.  In  making  duplex  steel,  the 
open-hearth  furnace  is  charged  with  limestone  and  Bessemer  metal  that 
has  been  blown  to  about  .10  per  cent,  carbon,  mixer  metal  is  added  to 
bring  the  carbon  in  the  bath  to  about  .30  per  cent,  and  the  metal  then 
worked  down  to  about  .10  per  cent,  carbon.  The  furnace  is  tapped  and 
liquid  mixer  metal  is  added  to  the  ladle  at  the  same  time,  to  recarbonize. 
Ferro-manganese  and  ferro-silicon  in  cold  form  are  also  added  to  the 
ladle.  Aluminum  is  added  to  the  molds.  The  ingots  as  now  made  for 
the  new  rail  mill  are  20x24  inches  at  the  bottom,  but  were  formerly  18x18 
inches.  There  are  four  soaking  pits  of  four  holes  each,  holding  four  in- 
gots per  hole,  or  a  total  capacity  of  64  ingots.  The  minimum  time  in  the 
pits  is  2V2  hours. 
Rail   Mill. 

The  mill  for  rolling  rails  is  entirely  new,  including  soaking  pits, 
blooming  mill,  reheating  furnaces,  rail  mill  and  finishing  department.  The 
ingots  are  rolled  into  8x8  blooms  in  19  passes  in  a  two-high  variable 
draft  reversing  mill.  In  addition  to  the  top  and  bottom  crops,  the  bloom 
is  cut  into  parts  of  two  rail  lengths  each.  The  blooms  then  go  through 
reheating  furnaces,  of  which  there  are  three,  eight  doors  each,  holding 
two  blooms  per  door,,  or  a  total  capacity  of  48  blooms.  The  blooms  are 
shaped  into  rails  in  ten  passes  divided  among  three  stands.  This  gives 
a  total  of  29  passes  from  the  ingot  to  the  rail.  The  first  or  roughing 
stand  is  a  two-high  35-inch  mill  with  five  passes ;  the  second,  or  intermedi- 
ate stand,  is  a  three-high,  28-inch  mill  with  three  passes;  and  the  third  or 
finishing  stand  is  a  three-high,  28-inch  mill  with  two  passes.  The  rails 
are  sawed  to  length  singly.  There  are  four  hot-beds,  each  84  ft.  long,  or 
a  total  length  of  336  ft.,  all  under  cover.  There  are  four  gag  presses 
and  eight  drill  presses.  The  rails  are  loaded  with  magnet  cranes. 
Changes  in  Practice. 

Additions  have  been  made  to  the  open-hearth  plant  and  an  entirely 
new   rail   mill   has   recently   been   built,    including   soaking   pits,   blooming 
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mill,    reheating    furnaces,    rail    mill,    finishing    department    and    loading 
yard.     This  mill  rolls  both  girder  and  tee  rails. 

DESCRIPTION   OF   RAIL   PLANT  OF  THE  TENNESSEE  COAL, 
IRON  AND  RAILROAD  COMPANY. 

A  visit  was  made  on  July  i,  1915,  to  the  plant  of  the  Tennessee  Coal, 
Iron  &  Railroad  Company,  by  Messrs.  Chas.  S.  Churchill  and  M.  H. 
Wickhorst,  members  of  the  Sub-Committee  on  Mill  Practice,  accompanied 
by  Mr.  J.  H.  Gibboney. 

The  rail  plant  and  mill  of  the  Tennessee  Coal,  Iron  &  Railroad  Com- 
pany is  located  at  Ensley,  Ala.,  a  few  miles  from  Birmingham,  Ala.  The 
various  main  raw  materials,  such  as  ore,  coal,  dolomite  and  limestone, 
are  obtained  in  the  neighborhood  of  Ensley  from  properties  also  belong- 
ing to  the  same  company.  The  mill  rolls  open-hearth  rails  made  by  the 
duplex  or  triplex  process,  that  is,  the  steel  making  is  started  in  a  Bessemer 
furnace  and  the  refining  finished  in  an  open-hearth  furnace  in  the  duplex 
process,  or  in  the  triplex  process  the  metal  is  passed  serially  through  two 
open-hearth  furnaces. 

Ore. 

The  iron  ore  use.d  is  obtained  from  Red  Mountain,  and  the  following 
are  given  as  representative  analyses  of  the  ore  from  the  several  mines : 

Muscoda  Fossil         Ishkooda 

(No.  1)  (No.  8)        (No.  13) 

Iron    33-93  3544  36.51 

Silica   10.68  16.04  17-28 

Alumina    3.33  3  17  2.91 

Lime    19.82  16.24  13.63 

Manganese    15  .14  .17 

Phosphorus    30  .33  .37 

Water 30  .52  .38 

Coal. 

The  coal  is  obtained  from  the  Warrier  field  and  below  are  given 
representative  analyses.  A  number  of  partings  in  the  seams  makes  it 
necessary  to  wash  the  coal  in  order  to  obtain  low  ash  cokes : 

Unwashed  Coal  Washed  Coal 

Fix.  Fix. 

Ash     Vol.      Sul.     Car.  Ash    Vol.      Sul.     Car. 

Pratt     8.27    30.10     1.53    61.60  5-29    30.80     1.28    63.90 

Blue   Creek    15.76    23.97      -86    60.27  7.93    25.61       .79    66.46 

Coke. 

The  coke  is  made  in  by-product  coke  ovens  and  the  following  are  rep- 
resentative analyses  of  Pratt  and  Blue  Creek  by-product  cokes : 
Fix.  C.  Ash  Sul.         Phos.        Moist. 

Pratt    89.98  8.88  1.16  .045  4-73 

Blue  Creek.. 88.22  10.83  .65  .050  — 
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Flux. 

The  flux  used  is  mostly  dolomite,  obtained  by  open  quarry  methods 
and  a  representative  analysis  is  as  follows: 

Silica  Alumina  Lime  Magnesia  Iron 

.55  .41  .3148  20.11  .10 

Blast  Furnaces. 

Ensley  has  a  group  of  six  hlast  furnace-,  each  with  a  capacity  of 
about  400  tons  of  iron  per  24  hours.  Their  annual  capacity  is  about  780,- 
000  tons. 

Steel   Making. 

The  liquid  metal  from  the  blast  furnace  is  poured  into  a  large  reser- 
voir  <n"  mixer,  of  which  there  are  two,  one  of  600  tons  capacity  and  the 
other  of  250  tons  capacity.  The  composition  of  the  mixer  metal  runs 
about   as   follows: 

C  Si  S  P  Mn 

3.8  .91    .  .041  .81  .40 

In  making  steel  by  the  duplex  process,  the  iron  is  first  blown  in  20- 
ton  converters.  The  converter  performs  the  usual  Bessemer  function  of 
eliminating  partially  or  completely  the  silicon,  manganese  and  carbon. 
Phosphorus  and  sulphur  are  removed  later  in  the  open-hearth.  The  iron 
is  either  full  blown,  in  which  all  the  silicon,  manganese  and  carbon  are 
eliminated,  or  ''high  blown,"  in  which  the  silicon  and  manganese  have 
been  eliminated,  but  a  portion  of  the  carbon  remains. 

The  open-hearth  plant  consists  of  eight  tilting  furnaces,  each  of  100 
tons  capacity.  They  measure  45  feet  from  port  to  port  and  are  16  feet 
wide.  They  are  first  charged  with  cold  stock,  consisting  of  calcined 
lime,  ore,  scale  and  scrap  in  the  order  named.  When  making  rail  steel 
it  is  the  practice  to  charge  three  "soft"  or  "full  blown"  converter  heats 
and  two  "high  blown"  heats,  the  latter  containing  about  3.00  per  cent, 
carbon.  A  rather  violent  reaction  or  "kick"  characterizes  the  addition  of 
the  first  high  carbon  heat;  the  second  addition  produces  a  milder  reaction. 
After  the  bath  has  again  become  normal,  tests  are  taken  for  phosphorus 
and  carbon,  and  if  these  are  satisfactory,  the  full  heat  is  quickly  poured 
into  a  100-ton  ladle.  The  carbon  in  the  steel  as  poured  from  the  furnace 
is  ordinarily  down  to  about  .50  per  cent,  and  it  is  brought  up  to  the 
desired  amount  by  additions  of  coke  to  the  ladle  while  pouring  the  steel 
from  the  furnace.  The  ferro-manganese  used  is  added  partly  to  the 
furnace  and  partly  to  the  ladle.  The  ferro-silicon  is  added  mostly  to  the 
ladle  and  partly  to  the  individual  molds  while  pouring  the  steel  into 
them.  In  addition,  aluminum  is  also  generally  added  to  the  molds,  equiva- 
lent to  about  llA  07..  of  aluminum  per  ton  of  steel.  The  ingots  are 
24x24  inches  at  the  bottom  and  average  about  9,500  pounds.  The  open- 
hearth    plant   has    an    annual   capacity    of    about   750.000   tons. 

Recently  the  triplex  process  has  been  developed  at  Ensley  and  a  part 
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oi  the  steel  is  being  made  by  it.     In  this  process  the  refining  is  starte  1 
in  mic   furnace  and   finished  in  another. 

The  phosphorus  is  reduced  in  the  primary  furnace  from  about  .8  per 
cent,  down  to  .i  per  cent,  and  a  high  phosphorus  slag  is  obtained  as  a  by- 
product, which  is  -old  for  fertilizer.  The  steel  is  then  transferred  to  the 
finishing  furnace  and  the  reduction  of  phosphorus  completed  down  to  the 
required  amount.  One  finishing  furnace  is  able  to  refine  the  output  of 
about  three  primary  furnaces.  The  analyses  made  preliminary  to  tapping 
the  heat  are  made  in  a  small  laboratory  adjacent  to  the  open-hearth  floor. 

Rail   Mill. 

The  plant  for  rolling  rails  consists  of  a  44-in.  blooming  mill,  a 
34-in.  roughing  mill  and  a  27-in.  finishing  mill.  The  blooming  mill  is  two- 
high,  with  variable  draft  and  driven  by  a  55x56  in.,  direct  connected,  re- 
versing Mesta  engine.  The  rolls  have  three  passes,  respectively  24-in., 
11 -in.  and  8-in.,  between  collars.  The  ingots  are  24x24-111.  and  are  rolled 
into  8.\8-in.  blooms  in  15  passes.  After  making  the  usual  top  crop  of 
about  10  per  cent.,  the  bloom  is  cut  into  three  parts,  each  part  making- 
two  or  three  rails.  The  roughing  mill  is  two-high  and  driven  by  a 
55x56-111.,  direct  connected,  reversing  Mesta  engine.  These  rolls  give 
the  bar  four  passes.  The  finishing  mill  is  three-high,  consists  of  three 
stands  and  finishes  the  liar  in  five  passes.  The  total  number  of  passes 
from  ingot  to  rail  is  24.  The  rails  are  sawed  with  gang  saws,  there  being 
four  saws.     The  rails  are  loaded  with  a  magnetic  crane. 


IRON  ORF.S. 

The  sources  of  the  iron  ores  used  and   the  average  percentages   of 
the  main  constituents  in  the  dry  ores  are  shown  in  table  1  . 

TABLE  1.— IRON"  <  >RES. 


Mill 

Source 

IV 

Ca  1  > 

MgO 

P 

Can.  Helen   . .               

Minn.-AIbatlv 

Cuba 

Chili 

50 
54 
5S 
56 
66 

67 

62 
60 

57 
56 

58 
M 

57 
55 

"- 
55 
61 
57 
35 

9.9 

B  : 
5.9 

12  11 
2.0 
1   5 

in  :> 
7  5 

:  11 
■ 

3.5 

Hi  7 

4.0 
6.0 
15.0 

15  0 
nil 

0.3 

0  3 

4   1 
1.1 

1  1 
3.0 
1  1 

1»1. 11 

015 

Bethlehem     

.09 
.06 
03 

025 

- 

Carnegie                       

Colorado 

III. -Gary    

Mich. -Harper 

Minn. -Mesa  ba. 

\Vvomin2-^unrl-l• 
X    M.-Oro  Grar.de 

Minn.-Meaaha 

.09 

(13 
.10 
15 

02 

Pennsylvania 

Cuba-Daiquiri 

Cuba-Mayari 

.02 

Tennessee 

.411 
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It  is  interesting  to  note  the  wide  geographic  distribution  of  the  sources 
of  ore  supply,  including  the  United  States  and  Canada,  Cuba,  South  Amer- 
ican and  Sweden,  the  source  of  supply  being  determined  largely  by  the 
transportation  facilities.  The  largest  tonnage  is  from  the  Lake  Superior 
district,  this  supplying  the  mills  of  the  Algoma,  Illinois,  Lackawanna,  Car- 
negie and  Cambria  companies.  Under  present  war  conditions  and  un- 
satisfactory shipping  facilities,  the  Pennsylvania  company  is  also  obtain- 
ing part  of  its  supply  from  the  same  source.  Most  of  the  lake  ore  now 
available  is  high  in  phosphorus  and  therefore  not  available  for  making 
Bessemer  steel  rails,  and  this  was  an  important  factor  in  the  large  dis- 
placement of  Bessemer  rails  by  open-hearth  rails.  The  Cuban  and  South 
American  ores  are  low  in  phosphorus  and  the  Mayari  ore  from  Cuba 
also  contains  considerable  nickel  and  chromium.  The  Alabama  ores  have 
a  low  percentage  of  iron  and  are  also  very  high  in  phosphorus.  In  fact, 
this  phosphorus  is  now  being  saved  as  a  valuable  by-product  in  the  form 
of  a  high  phosphorus  slag  and  sold  as   fertilizer. 

Of  course,  economic  conditions  require  that  the  most  available  sup- 
plies of  raw  materials,  such  as  ore,  coal  and  limestone,  be  used,  but  it  is 
probable  that  care  in  obtaining  uniformity  of  stock  and  production  con- 
ditions will  have  a  favorable  influence  toward  good  quality  in  the  rails 
and  there  is  a  general  tendency  to  give  considerable  attention  to  this 
matter.  , 

COALS. 

The  sources  of  most  of  the  coal  supplies  used  for  coke  making  and 
average  analyses   of  the   dry  coals  are  given  in   table  2. 

TABLE  2.— COALS. 


Mill 


Algoma 

Bethlehem.  . 

Cambria.  . . . 

Illinois-Gary 

Lackawanna. 
Maryland.  . . 

Pennsylvania 

Tennessee .  .  . 


Source 


W.  Va.-Cammelton 

W.  Va.-Pocahontas 

W.  Va.-Davis 

W.  Va.-Thomas 

Pa. -Franklin 

Pa. -Pittsburgh 

W.  Va.-Pocahontas 

Ky.-Elkhorn 

Pa.-EIlsworth 

Pa.-Clearfield 

Pa.- Washington  Co 

Pa.-Heilwood — Washed . . . 

Pa.-Heilwood — Nat 

Ala.-Pratt— Washed 

Ala.-Pratt— Nat 

Ala.-Blue  Creek — Washed 
Ala. -Blue  Creek— Nat 


Vol. 

Fix. 
Carb. 

Ash. 

35.8 

57.0 

7.2 

17.6 

76.1 

6.3 

23.0 

69.0 

8.0 

23.0 

67.0 

10.0 

18.6 

74.2 

7.2 

33.0 

58.8 

8.2 

16.5 

77.0 

6.5 

35.0 

57.5 

7.5 

34.0 

58.0 

8.0 

25.0 

65.0 

10.0 

33  0 

58.0 

9.0 

28.0 

64.0 

8.0 

26.5 

62.0 

11.5 

30.8 

63.9 

5.3 

30.1 

61.6 

8.3 

25.6 

66.5 

7.9 

24.0 

60.3 

15.7 

1.2 
.8 

1  0 
1.0 
1.2 
1.2 
0  5 
0.6 

l.B 

1.1 
1.3 

2  0 
13 
15 
0.8 
0.9 


COKES. 

The  kinds   of   cokes   used   and   the   asli   and   sulphur   contents   of    the 
dry  cokes  are  listed  in  table  3: 
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TABLE  3— COKES. 


Mill 


Algoma 

Bethlehem. . 
Cambria. . . . 
Carnegie .... 
Colorado. . . . 
III.-Gary  ... 
Lackawanna . 
Lackawanna. 
Maryland .  .  . 
Pennsylvania 
Tennessee .  .  . 


Kind 


By-Product 

By-Product 

By-Product 

Bee-hive 

Bee-hrVe 

By-Product 

By-Product 

Bee-hive 

By-Product 

Bv-Product 

By -Product— Pratt 

By-Product — Blue  Creek 


Ash 


Sulphur 


11.3 

0.8 

11.4 

0.8 

10.0 

0.8 

10.4 

0.8 

18.0 

0.6 

7.8 

0.6 

8  5 

9.5 

12.5 

1.1 

9.8 

1.0 

8.9 

1.2 

10.8 

0.7 

It  will  be  noted  that  the  coke  is  very  largely  made  in  by-product 
ovens,  which  allow  the  recovery  of  the  gas,  ammonia  and  tar. 

LIMESTONES. 

A  list  of  the  limestones  and  dolomites  used  as  fluxes  in  the  blast 
furnaces  and  the  percentages  of  the  main  constituents  are  given  in 
table  4. 

TABLE  4 —LIMESTONES. 


Mill 

Source 

CaC03 

MgC03 

SiO, 

Algoma 

Colorado 

III.-Gary 

Lackawanna 

Pennsylvania 

Tennessee 

Mich.-Fiborn 

N.  Y.-Pekin 

W.  Va.-Martinsburg 

Pa.-Bainbridge 

Pa.-Steelton 

Alabama 

96.0 

91.3 

88.8 

97.3 

95.6 

98.3  - 

95  0 

93.5 

53.1 

79.0 

56.2 

1.6 

0  1 

9.2 

trace 

0.8 

0.5 

2.8 

2.0 

42.0 

15.4 

42.3 

0.8 
3  2 
1.6 
2.0 
2.0 
0.8 
1.0 
2.0 
2.3 
5.9 
0.6 

It  will  be  noted  that  most  of  the  blast  furnace  fluxes  are  limestones 
high  in  lime,  but  several  of  them  are  high  magnesia  dolomites. 


BLAST  FURNACES. 

The  number  of  the  blast  furnaces,  their  daily  capacity  in  gross  tons 
of  iron,  and  the  percentages  of  some  of  the  constituents  in  the  iron,  are 
given  in  table  5 . 

TABLE  5— BLAST  FURNACES. 


Mill 


Algoma 

Bethlehem 

Cambria,  Franklin. 

Carnegie 

Colorado 

III.-Gary 

Lackawanna * 

Maryland 

Pennsylvania 

Tennessee 


Number 
Furnaces 


Daily 
Capacity 


750 


3,300 
5,000 
'.',1(1(1 
3,200 
3,100 
1,800 
2,250 
2,400 


p 

s 

Mn 

.13 

.04 

1.00 

.50 

.04 

.60 

.15 

.04 

1.75 

.20 

.04 

1.60 

.18 

03 

.30 

.20 

.04 

1  50 

.30 

05 

.90 

.05 

.03 

.90 

.13 

03 

.  65 

.80 

.04 

.40 

Si 


.85 
1.00 

.00 
1.50 
1.50 
1.20 
1 .  25 

.85 
1.30 
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In  addition  to  the  elements  shown,  the  metal  at  the  Colorado  mill 
contains  a  small  amount  of  copper  and  at  the  Maryland  and  Pennsyl- 
vania mills,  the  metal  contains  nickel  and  chromium.  ,  The  Tennessee 
metal  is  very  high  in  phosphorus  and  the  company  has  started  to  recover 
it  and  make  it  available  for   fertilizer. 


STEEL  MAKING. 

Table  6  is  given  showing  the  main  steel  making  equipment  at  the 
several  rail  plants.  In  addition  to  the  Bessemer  equipment  shown,  some 
(if  the  plants  have  Bessemer  converters  which  are  not  used  for  making 
rail  steel,  or  make  only  a  small  tonnage  of  it. 

TABLE  6— FURNACES. 


Mill 

Process 

Mixers 

Bes. 

Furnaces 

O.  H. 
Furnaces 

Bes.-O.  H.-Dupl 

0.  H 

O.H 

O.H 

O.H 

O.  H 

2-  150  T 
1-  250  T 
1-  250  T 
1-  450  T 
1-1000 T 
1-  300  T 

2-  5T 

3-  40  T 

4-  SOT 

16-  75  T 

17-  80  T 

3-100  T 

1-  500  T 
1-  200  T 

14-100  T 

15-  65  T 

111  -Gary 

42-100  T 

0.  H.-Dupl 

0.  H.-Duplex 

2-  300  T 
1-  600  T 

4-12  T 

7-  SOT 

11-100  T 

2-250  T 

Maryland 

1-  HUT 
1-1(100  T 
1-  400  T 
1-  800  T 
1-  25(1  T 
1-  600  T 

3-18  T 

5-  50  T 

2-25  T 

6-  90  T 

2-200  T 

2-20  T 

8-100  T 

While  the  proper  sorting  and  uniformity  of  the  stock  of  the  raw 
materials  exert  a  favorable  influence  on  the  quality  of  the  rails,  the  big 
factors  that  influence  quality  begin  with  the  making  of  the  steel  and 
particularly  the  method  of  recarbonizing  and  adding  manganese  and  the 
care  used  in  doing  so.  Some  of  the  features  of  the  steel  making  at  the 
several   mills   are   listed   in  table  /. 

It  will  be  noted  that  at  most  of  the  mills  the  carbon  is  mostly  worked 
cut  in  making  the  steel  and  then  brought  up  to  the  desired  amount  by 
means  of  pig  iron  or  spiegel  (which  is  an  iron  high  in  manganese  as  well 
as  carbon).  Two  of  the  mills  "catch  the  carbon  coming  down;-'  that  is, 
the  furnace  is  tapped  when  the  carbon  in  the  bath  gets  down  to  the 
desired  amount  or  slightly  below  and  the  deficiency  is  made  up  by  adding 
coal  or  coke  to  the  ladle  while  tapping  the  furnace.  This  method  was 
formerly  more  extensively  used,  but  it  seems  that  the  carl)  m  aimed  at  in 
(he  steel  is  secured  with  less  certainty.  The  recarbonizer  is  added  at 
some  mills  to  the  ladle  while  tapping  the  furnace  and  at  other  mills  it  is 
added  to  the  furnace  before  tapping.     The  latter  method  probably  is  more 
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Mi! 


How  Recarbonized 


A|goma C  worked  to  .5.     II .  Coal  added 

to  ladle 


Bethlehem       .    .      C  worked  to  .1.     Liquid  iron 
added  to  furnace  

Cambria 


C  worked  to  .3.  Liquid  iron 
added  to  furnace 

Carnegie C  worked  to  .1.     Liquid  spieg- 

elized  iron  to  furnace  adds 
C  Mn  and  Si 

Colorado C   worked   to   .1.     Liquid  iron 

added  to  furnace 

Ill-Gary C   worked  to   .2.     Liquid  iron 

added  to  furnace  ...    

Lackawanna  .  C  worked  to  .2.  Liquid  Spieg- 
elized  iron  to  ladle  adds  C 
Mn  and  Si 

Maryland.  .  ...  C  workrd  to  .2.  Liquid  Spieg- 
elizcd  iron  to  ladle  adds  C, 
Mn  and  Si 

Pennsylvania.::.  C  worked  to  .1.  Liquid  iron 
added  to  ladle      

Tennessee C  worked  to  .5.     Coke  added 

to  ladle 


How  Mn  and  Si  Added 


Al  added 
to  mold 


Cold  Fe  Mn  part  to  furnace, 
part  to  ladle.  Cold  Fe  Si  tc 
ladle 

Cold  Fe  Mn,  part  to  furnace, 
nart  to  ladle.  Cold  Fe  Si  tc 
ladle        

Cold  Fe  Mn  and  Fe  Si  added 
t;  ladle 

Liquid  speigelized  iron  to  fur- 
nace  

Cold    Spiegel    part    to    furnace. 

part  to  ladle 

Cold  FeMnand  Fe  Si  added  tc 

la, lie ' 

Liquid  spiegelized  iron  to  ladle 


Liquid  spiegelized  iron  added 
to  ladle 

Cold  Fe  Mn  and  Fe  Si  added  to 
ladle 

Fe  Mn  part  to  furnace,  part  to 
ladle.  Fe  Si  mostly  to  ladle, 
part  to  molds   


Fxper- 
mentin'i 

Yes 

Yes 
Yea 

Yes 
No 
Yes 

Yes 

Yes 

Yes 


certain  in  securing  uniform  mixture, .  although  there  probably  is  also 
more  loss  of  silicon  by  absorption  into  the  slag. 

In  adding  mangaiK-.se  the  most  general  practice  is  to  add  it  to  the 
ladle  as  cold  80  per  cent,  ferro-manganese  while  tapping  the  furnace,  al- 
though some  of  it  is  sometimes  added  to  the  furnace  lie  fore  tapping,  using 
the  larger  lumps  this  way  to  insure  thorough  melting  and  mixing  with 
the  steel.  Some  plants  add  the  manganese  as  liquid  spiegelized  iron  to 
the  ladle  while  tapping  the  furnace,  which  thus  adds  the  carbon,  mangan- 
ese and  silicon  at  the  same  time.  Probably  the  practice  that  is  most 
effective  in  obtaining  thorough  mixture  of  all  the  ingredients  before  lap- 
ping the  steel  from  the  ladle  is  that  at  the  Carnegie  rail  plant,  where 
liquid  spiegelized  iron  is  added  to  the  furnace  before  tapping  into  the 
ladle. 

Aluminum  is  rather  generally  used  as  a  mold  addition  in  amounts 
of  one  to  two  ounces  per  ton  of  steel.  Some  plants  use  it  regularly  and 
others  aim  to  omit  its  use  when  the  steel  sets  quiet  in  the  mold  without 
it.  Gary  uses  no  aluminum  in  rail  steel,  depending  upon  sufficient  silicon 
to  obtain  quiet  setting  steel.  This  plant  also  has  a  rule  not  to  use  ingots 
with  "horny  tops"  for  rails. 

ROLLING. 

Some  of  the    features  concerning  the  ingots   and    blooms   arc   listed   in 

table  8. 

It  will  be  noted  that  most  of  the  mills  have  two-high  reversing  rolls 
with  adjustable  to])  roll,  thus  affording  variable  draft  iu  bio  ming.  Such 
rolls  have  considerable  flexibility,  but   have  not,   however,   a  high   tonnage 
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TABLE  8— INGOTS  AND  BLOOMS. 


Mill 


Size 
Ingots 


Algoma 

Bethlehem 

Cambria-Franklin 
Carnegie 


19x23 
10x23 

204x23 
231x23 » 


Colorado. 
I II. -Gary. 


20x22 
20x24 


Lackawanna. 


Maryland 
Pennsylvania. 
Tennessee    .    . 


21x23 
20x24 
24x24 


Soaking 

Pits-Capac. 

Ingcts 


96 
175 
128 
210 


144 
192 


168 


72 
64 
144 


Blooming 
Rolls 


1-2  high  rever=. 
1-2  high  revers. 
1-2  high  revers. 

2-2  high 

1-3  high    

1-2  high  revers. 

4-2  high 

1-3  high 

2-2  high    .... 
1-2  high  revers 
1-2  high  revers. 
1-2  high  revers. 
1-2  high  revers. 


Blooming 
Passes 


Size 
Bloom 


8x8 
8x8 
9x10 


ldxKi 
8x8 
7ix8 


8x8 
8x8 

8x8 


capacity,  due  to  the  -necessity  for  reversing  the  direction  of  the  rolls 
after  each  pass.  Three  of  the  mills  divide  the  blooming  among  several 
stands  with  fixed  passes.  Observation  seems  also  to  indicate  a  greater 
tendency  to  tearing  of  the  sides  of  the  bloom  at  these  mills,  although  this 
is  a  matter  for  more  critical  investigation  before  definite  conclusions  are 
warranted. 

Some  of  the  features  concerning  the  rails  are  listed  in  table  g. 


TABLE  9.— 

RAILS. 

- 

Mill 

Reheater 
Capacity 
Blooms 

Shaping 

passes 

Total 
Passes 

How        Hot-bed 
Sawed    ;      Feet 

Straightng 
Presses 

Loading 

48 

60 

75 

36 
None 
None 
None 
None 

48 
None 

11 
11 
12 
13 
10 
9 
9 
11 
10 
9 

30 
26 
27 
24 
23 
18 
15 
26 
29 
24 

Singly             212 
Singly            420 

5 

6 
6 

Skids 

Bethlehem 

Cambria 

Magnets 

Twos 

Singly 
Gang 
Singly 
Singly 
Singly 

Colorado 

Ill.-Garv 

Lackawanna 

Maryland 

Pennsylvania 

300 
600 
553 

336 
336 

7 

16 
13 

8 
8 

Skids 

Magnets 

Magnets 

Magnets 

Masnets 

Magnets 

It  will  be  noted  that  at  half  the  mills  the  rails  are  direct-rolled 
from  the  heat  of  the  ingot,  while  at  the  other  mills  the  blooms  arc  re- 
heated, being  given  a  "wash"  heat.  The  Tennessee  plant  has  a  bloom 
reheating  furnace,  that  can  be  used  for  heating  up  cold  blooms  when 
necessary,  but  is  not  used  in  the  regular  rolling  of  rails.  The  Maryland 
plant  has  installed  a  bloom  reheating  furnace,  but  it  has  not 
yet  been  put  into  use.  Most  of  the  mills  saw  the  rails  singly 
from  the  hot  bar.  This  method  is,  of  course,  slower  than  where 
two  or  more  rails  are  cut  from  the  bar  at  one  time,  but  the  rails  can 
probably  be  cut  closer  to  the  length  aimed  at  when  sawed  singly.  One 
very  noteworthy  feature  in  rolling  rails  is  the  device  gotten  up  and  used 
by  the  Lackawanna  Steel  Company  for  hot  milling  the  bar,  while  partly 
shaped  into  rail  and  before  finishing.     The  top  of  the  head  and  the  hot- 
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torn  of  the  base  are  milled  or  scraped,  so  as  to  remove  most  of  the  sur- 
face flaws  and  seams  from  the  tread  and  base  of  the  rail. 

CHANGES   IN   PRACTICE. 

Extensive  changes  have  been  made  among  the  rail  mills  during 
recent  years.  The  rail  plants  of  the  Carnegie  and  Pennsylvania  steel 
companies  have  been  mostly  rebuilt  and  important  changes  have  been  made 
at  some  of  the  other  plants.  Some  of  the  features  of  interest  along  this 
line  are  noted  below.  One  feature  of  interest  is  that  there  has  been 
considerable  improvement  in  testing  equipment  and  in  the  amount  of 
investigative  work  being  done  by  the  mills. 

At  the  Algoma  Steel  Co.  a  matter  of  special  interest  is  the  nick  and 
break  test  of  a  piece  of  rail  from  each  ingot  and  the  examination  of  the 
fracture   for  both  pipe  and   segregation. 

The  Bethlehem  Steel  Co.  have  made  a  number  of  changes  largely 
directed  to  securing  more  uniformity  in  the  conditions  of  manufacture. 
Large  mixers  have  been  installed;  in  making  the  steel  the  practice  was 
to  "catch  the  carbon  coming  down,"  while  now  the  metal  is  recarbon- 
ized  by  means  of  liquid  iron  added  to  the  furnace ;  the  practice  has  been 
instituted  of  reheating  the  blooms. 

At  the  Cambria  Steel  Co.  a  feature  of  special  interest  is  the  sink- 
head  process  of  casting  ingots  by  which  the  segregation  is  obtained  close 
to  the  top  of  the  ingot  and  cut  off  with  the  ordinary  top  crop,  and  which 
process  has  been  used  in  some  rollings  of  rail. 

At  the  Carnegie  Steel  Co.  a  new  open-hearth  plant  has  been  built  and 
almost   all   of   the   rest  of  the  rail   plant   has   been   rebuilt. 

The  feature  of  special  interest  at  the  Lackawanna  Steel  Co.  is  the 
deseamer  or  hot  miller  described  above. 

The  Pennsylvania  Steel  Co.  have  made  changes  and  additions  to 
their  steel-making  plant  and  the  rail  mill  is  entirely  new. 

MILL  PRACTICE  AND   RAIL   FAILURES. 

The  rail  mills  are  making  considerable  efforts  to  avoid  sending  out 
rails  liable  to  give  failures  and  the  statistics  of  rail  failures  presented 
in  Report  48  indicate  that  these  efforts  are  being  attended  with  some 
success,  even  though  it  seems  to  be  true  that  conditions  of  service  have 
been   growing   more   severe. 

Most  of  the  failures  of  rails  can  be  divided  into  three  types  of  fail- 
ures, as  follows  : 

1.  Crushed  and  split  heads. 

2.  Broken   rails  and  broken  bases. 

3.  Transverse  or  internal  fissures. 

The  first  type  of  failure,  crushed  and  split  heads  (vertical  longitu- 
dinal interior  cracks")  are  mostly  the  result  of  segregation,  or  a  concentra- 
tion  of  carbon,   phosphorus   and   sulphur   in   the   upper   and    interior   part 
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of  the  ingot,  attended  generally  with  a  condition  of  spottiness  in  the 
interior,  and  a  condition  of  softness  in  the  outer  portions  of  the  section, 
in  the  upper  part  of  the  ingot.  The  "peaning"  or  "ironing"  action  of  the 
rolling  wheels  causes  a  side  spread  of  the  top  "part  of  the  head.  The 
outer  metal  has  practically  always  sufficient  ductility  to  stand  this  side 
spread,  but  if  the  interior  metal  has  not,  it  develops  a  crack,  which  keeps 
growing  until  a  split  head  results.  Of  course,  the  more  severe  the  serv- 
ice, the  more  rapidly  does  the  failure  result,  but  in  the  absence  of  de- 
festive  internal  metal  the  effect  of  severe  service  is  to  simply  distort  the 
shape  of  the  rail  head,  and  make  had  riding  t^ack.  It  is  necessary, 
therefore,  to  obtain  metal  free  from  excessive  segregation  and  one 
method  of  doing  this  is  to  discard  the  top  fourth  or  more  of  the  ingot. 
This  is  now  the  practice  of  the  Carnegie  Steel  Co.  in  making  all  heavy 
section  rails.  This  method  requires  that  the  top  part  of  the  ingot  be 
rolled  into  other  material,  or  that  the  bloom  butts  be  remelted.  Another 
method  is  to  use  the  sink-head  process  of  casting  ingots,  which  is  being 
developed  in  several  modifications  and  which  collects  most  of  the  segre- 
gated material  into  the  top  ten  per  cent,  of  the  ingot.  This  method  has 
been  used  to  a  small  extent  by  the  Cambria  Steel  Co.  It  seems  that  the 
general  method  is  a  very  commendable  one,  although  it  also  seems  to  hay 
not  yet  been  developed  to  a  point  commercially  practicable  for  the  manu- 
facture of  rails  in  large  quantities.  Our  investigations,  as  well  as  other 
work,  have  shown  that  ingots  that  are  lively  in  the  mold  when  setting- 
are  attended  with  considerable  interior  segregation.  Such  ingots  set  with 
raised  or  "horny"  tops,  and  as  this  appearance  is  evidence  of  considerable 
segregation,  strong  efforts  should  be  made  to  avoid  using  ingots  with 
raised  tops.  The  skillful  use  of  silicon,  aluminum  or  titanium  makes  the 
ingot  set  flat  and  tends  to  restrain  the  segregation,  but  also  produces  a 
larger  pipe.  It  may  be  here  remarked  that  attention  is  now  also  being- 
given  to  more  effective  means  of  rejecting  segregated  rails,  by  means  of 
analysis,  drop  test  and  fracture  appearance.  Much  has  been  done  to 
avoid  making  and  to  eliminate  segregated  rails- and  it  seems  probable  that 
in  the  course  of  time  the  arts  of  making  and  inspecting  rails  will  reach 
a  point  where   failures   from   split  heads  will  be   mostly  eliminated. 

Broken  rails  (including  square  and  angular  breaks)  and  broken  bases 
are  here  classed  together,  as  in  general  it  may  be  said  that  they  both 
have  their  origin  in  longitudinal  seams  in  the  bottom  of  the  base  of  the 
rail.  A  seam  not  directly  under  the  web,  when  it  opens  up,  may  result  in 
only  breaking  out  a  piece  of  the  flange  or  a  "crescent"  break,  but  if  near 
the  middle  of  the  bottom  of  the  base,  the  opening  up  of  a  seam  is  apt  to 
result  in  a  break  through  the  whole  section.  The  bases  of  rails  are  now 
more  generally  being  made  thicker  than  formerly,  and  should,  it  would 
seem,  be  stronger  against  this  type  of  failure,  although  the  main  pur- 
pose of  the  thickening  was  originally  to  provide  more  uniform  temperature 
of  the  rail  section  when  being  rolled.  More  recently  the  fillet  between  the 
web  and  the  base  has  been  increased  in  some  rail  sections  to  afford  addi- 
tional  strength   against   "broken"    rails.      From    the   manufacturing   stand- 
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point,  the  Lackawanna  Steel  Co.  have  taken  vigorous  action  and  devised  a 
deseamer.  a  machine  for  milling  the  surface  from  the  hot  bar  before 
fully  formed  into  rail,  thereby  removing  most  of  the  defects  from  the 
bottom  of  the  base  of  the  rail.  Although  it  may  be  said  that  seams 
are  produced  in  the  rolling,  we  are  not,  however,  able  to  state  definitely 
and  concisely  the  factors  which  govern  their  formation,  and  we  have 
here  a  field  for  extensive  investigation.  Besides  the  elimination  of  seams 
we  have  also  the  problem  of  increasing  the  transverse  ductility  of  the 
bottom  of  the  base,  which  is  generally  both  low  and   irregular. 

The  type  of  failure  known  as  transverse  or  internal  fissure  is  one  that 
has  become  prominent  in  the  last  few  years  with  the  introduction  ot  open- 
hearth  steel  for  rails.  It  usually  shows  itself  as  an  oval-shaped  crack  or 
''simple"  transverse  fissure  inside  the  head  and  crosswise  of  the  length  of 
the  rail  and  is  also  of  a  bright  silvery  appearance  until  exposed  to  the  air. 
Sometimes,  however,  the  fissure  occurs  lengthwise  and  about  parallel  with 
the  top  of  the  head  and  about  one-half  inch  down  from  the  top.  Generally, 
also,  this  latter  kind  has  a  transverse  fissure  running  down  from  it,  form- 
ing a  "compound"  internal  fissure,  or  what  Dr.  P.  H.  Dudley  has  named 
the  "coalescent"  kind.  Although  the  term  "transverse  fissure"  first  came 
into  use,  it  is  evidently  only  a  species  (although  the  most  numerous)  of  a 
larger  group  that  may  be  called  internal  fissure. 

As  to  the  cause  of  this  type  of  failure,  we  are  unable  to  talk  with 
great  confidence  and  likewise  we  are  still  uncertain  as  to  the  remedy.  The 
failure  seems  evidently  to  be  one  of  detail  fracture  under  the  action  of 
repeated  stresses,  or,  more  properly,  repeated  strains.  It  is  sometimes 
claimed  that  any  normal  rail  is  apt  to  develop  this  kind  of  fracture,  but 
ihere  is  a  little  evidence  indicating  that  the  fissure  starts  from  an  original 
internal  defect,  which  keeps  growing  under  repeated  alternations  of  stress, 
until  failure  finally  results.  Of  course,  any  severe  strain,  as  in  the  gag 
press,  or  by  defective  counterbalance  or  flat  spots  on  wheels  would  much 
hasten  the  development  of  the  fissure.  Increasing  the  weight  of  the  rail 
should,  it  would  seem,  strengthen  the  rail  against  this  type  of  failure,  by 
reducing  the  fiber  stresses,  but  tin i s  whole  matter  is  one  in  need  of  very 
extensive  investigation. 


Appendix  F. 

INTERNAL  FISSURES  IN  RAILS. 

The  Rail  Committee  of  the  American  Railway  Engineering  Associa- 
tion appointed  a  Sub-Committee  to  report  on  the  matter  of  rail  failures 
of  the  type  known  as  "internal  fissures,"  concerning  particularly  the 
state  of  information  and  investigations  in  progress  concerning  such  failures. 
The  Sub-Committee  consisted  of  W.  C.  dishing,  Chairman ;  C.  F.  W. 
Felt  and   M.  H.  Wickhorst. 

TYPES  OF  INTERNAL  FISSURES. 

The  internal  fissure  first  came  prominently  to  notice  in  a  report 
made  by  J.  E.  Howard  on  the  Manchester,  N.  Y.,  wreck  on  the  Lehigh 
Valley  Railroad  in  191 1,  and  it  was  in  this  report  that  Mr.  Howard  aptly 
applied  the  term  "transverse  fissure."  This  failure  usually  manifests 
itself  as   an   oval-shaped    spot   in   the   interior   of  the  head,  as   shown  in 


Fig.   1.     Sample  of  Transverse   Fissure. 

Fig.  I,  representing  a  typical  example.  These  spots  occur  in  all  sizes 
from  one-fourth-inch  or  less  in  diameter  to  almost  the  full  size  of  the 
section  of  the  head.  When  a  fracture  occurs  through  a  fissure  that 
has  not  extended  to  the  surface,  the  fissure  appears  bright  and  polished 
and  we  have  a  "silver}'  oval  spot."  When,  however,  previous  to  the 
complete  fracture,  the  internal  fissure  has  reached  the  surface,  the  spot 
will  appear  dark,  due  to  weathering.  One  interesting  and  very  constant 
feature  noticeable  in  transverse  fissures  is  the  presence  of  a  "nucleus,"' 
a  crystalline  or  granular  spot,  generally  somewhat  central,  which  ap 
parently  acted  as  the  renter  of  growth   of  the   fissure. 
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Although  the  simple  transverse  fissure  is  the  more  usual  form  in 
which  the  internal  fissure  shows  itself,  the  fissure  sometimes  occurs 
as  a  compound  type,  in  which  a  horizontal  fissure  is  joined  by  one  or 
more  transverse  fissures.  This  is  the  type  that  Dr.  P.  H.  Dudley  has 
termed  the  "coalescent"  type  of  interior  fissure  and  specimens  are  shown 
in  Figs.  2  and  3,  showing  fractures  of  two  different  rails.  Tn  this 
type  the  fissure  apparently   started   to  grow  as  a  horizontal  fissure  about 


P"ig.  2.    Sample  of  Compound  [internal  Fissure. 


Fig.  3.     Showing  Horizontal  Fissure,  Looking  Down  on  Top  of  Head 


one-half    inch   below    the    top    surface    of    the    head    and    the    transverse 
fissure  then  branched  out  from  it  or  perhaps  grew  independently. 

"Internal  fissure"  is  therefore  a  term  that  may  be  applied  to  a  group 
of  failures  consisting  of  two  or  three  species,  namely,  the  simple  trans- 
verse fissure  (which  is  the  most  numerous),  the  compound  fissure  (show- 
ing both  horizontal  and  transverse  fissures),  and  probably  also  the  simple 
horizontal  fissure.  In  all  tin's  discussion  it  is  understood  the  type  of 
failure  known  as  "split  bead"  or  "piped  rail"  is  excluded.  Although  this 
failure  shows  a  longitudinal  vertical  fissure,  still  the  term  "split  bead"  has 
come  to  be  applied  to  it  and  it  requires  separate  disctissioh. 
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A  bibliography  has  been  prepared  so  as  to  have  fur  convenient 
reference  the  main  articles  that  have  appeared  in  the  last  few  years 
concerning  internal  fissures  in  rails.  The  literature  on  the  subject  starts 
with  Mr.  Howard's  report  on  the  Manchester  wreck  on  the  Lehigh  Valley 
Railroad  that  occurred  August  25,  1 9 r  1 ,  when  this  type  of  failure  first 
came  prominently  to  public  attention.  The  publications  consulted  were 
the  Railway  Age  Gazette,  Railway  Review,  Iron  Age  and  Iron  Trade 
Review.  Also  the  Proceedings  of  the  American  Railway  Engineering 
Association,  American  Society  for  Testing  Materials,  the  National  Asso- 
ciation of  Railway  Commissioners,  and  some  of  the  reports  of  the 
Interstate  Commerce  Commission.  While  not  exhaustive,  it  is  believed 
the  bibliography  given  below  is  a  fairly  full  representation  of  the  litera- 
ture on  the  subject. 

The  explanations  of  the  cause  for  the  fissures  as  contained  in  the 
written  articles  seem  to  differ  widely,  but  a  close  study  of  them  sug- 
gests  that  they  are  nut  necessarily  inconsistent  with  each  other.  They 
probably  each  contain  an  element  of  truth,  but  a  full  and  complete 
explanation  probably  has  not  yet  been  worked  o;:t.  A  characteristic  and 
constant  feature  of  transverse  fissures  is  the  "nucleus,"  a  granular  or 
crystalline  spot  surrounded  by  the  smooth  or  polished  part  of  the  fissure. 
The  nucleus  is  ordinarily  from  %  to  '.[-inch  in  diameter,  but  may  be 
larger  or  smaller.  The  -surrounding  smooth  part  has  been  found  in  all 
sizes  from  nothing  to  almost  the  full  size  of  the  head.  It  seems  fairly 
certain  that  the  nucleus  acted  as  a  center  of  growth  from  which  the 
fissure  developed  under  "repeated  alternations  of  stress"  or  the  "wave 
action"  under  moving  trains,  but  the  origin  of  the  nucleus  seems  not 
yet  to  have  been  fully  explained,  although  undoubtedly  it  is  a  vital  part 
of  the  problem.  Several  questions  arise:  Did  the  nucleus  form  in  the 
track  in  normal  material:  or  was  there  already  a  predisposing  condition 
in  the  interior  metal  of  the  rail  head,  or  again,  was  the  nucleus  an 
original  fissure  existing  in  the  rail  when  laid  in  the  track? 
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conditions  of  service  were  not  the  prime  cause." 

"That  Broken  Rail  on  the  Lehigh  Valley  Railroad."  Railway  and 
Engineering  Review,  Vol.  51,  p.  1023,  November  25,  1912.  Editorial  com- 
ment dissenting  from  views  expressed  in  Interstate  Commerce  Commis- 
sion report. 

1913. 

"Investigation  of  Silvery  Oval  Spots,  sometimes  called  'Transverse 
or  Internal  Fissures'  in  Rail  Heads."  By  W.  C.  Cushing,  Proceedings. 
American  Railway  Engineering  Association,  Vol.  14,  1913,  p.  413.  Results 
of  the  examination  of  some  transverse  fissure  rails  by  C.  D.  Young  of 
the  Altoona  Laboratory  of  the  Pennsylvania  Railroad.  Slag  was  found 
in  the  fractures  and  the  suggestion  is  made  that  this  may  have  started 
an  internal  fracture,  which  developed  in  service  until  a  broken  rail 
resulted. 

"Interstate  Commerce  Commission  Investigation  of  Louisville  &  Nash- 
ville Accident  near  Hay's  Mill,  Ala."  Report  by  Chief  Inspector  of 
Safety  Appliances,  dated  August  15,  1913,  of  accident  on  October  1,  1912, 
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embodying  report  by  J.  E.  Howard.  "The  formation  and  successive 
development  of  these  transverse  fissures,  as  a  matter  of  opinion,  was 
the  direct  result  of  overstraining  loads,  combined  alternate  repeated  bend- 
ing stresses  and  intense  wheel  contact  stresses.-' 

"Analysis  of  a  Broken  Rail."  Railway  Age  Gazette,  Vol.  55,  p.  623, 
October  3,  1913.  Extract  from  a  report  by  J.  E.  Howard  on  rail  that 
caused  a  derailment  on  the  Louisville  &  Nashville  Railroad  near  Hay's 
Mill,  Ala.,  October  1,  1912.  Examination  showed  the  rail  to  contain  a 
number  of  transverse  fissures.  The  rail  was  found  to  be  high  in  carbon, 
but  of  uniform  chemical  composition.  The  explanation  is  given  that 
the  fissures  were  due  to  repeated  alternations  of  combined  bending 
stresses  and  intense  wheel  contact  stresses,  and  the  origin  of  the  fissure 
in  the  interior  is  explained  as  due  to  the  cold  rolling  effect  of  the  wheels 
putting  the  metal  at  the  running  surface  in  compression  and  thus  off- 
setting tensile  stresses  near  the  running  surfaces. 

1914. 

"Interstate  Commerce  Commission  Investigation  of  Southern  Rail- 
way Accident  near  Oyama,  N.  C."  Report  by  Chief  Inspector  of  Safety 
Appliances,  dated  January  7,  1914,  of  accident  on  March  31,  1913,  embody- 
ing report  by  J.  E.  Howard*.  The  same  explanation  of  the  formation 
of  fissures  is  given  as  in  the  previous  cases. 

"Internal  Transverse  Cracks  and  Fissures  in  Rails."  By  Robert  Job. 
Railway  Age  Gazette,  Vol.  56,  p.  266,  February  6,  1914.  Illustrations  are 
given  of  rails  showing  transverse  fissures,  including  some  that  occurred 
in  Austrian  rails,  copied  from  a  publication  by  Dormus  at  Vienna  in  1901. 
Mr.  Job  concludes  that  "traffic  conditions  were  not  the  prime  cause 
of  the  growth  of  the  cracks,"  but  that  the  cause  of  the  failure  is  to  be 
looked  for  in  the  condition  of  the  steel. 

"Internal  Transverse  Fissures  in  Rails."  By  P.  H.  Dudley.  Iron  Age, 
Vol.  93,  p.  492,  February  14,  1914.  From  a  report  by  Dr.  Dudley,  Jan- 
uary 6,  1914,  to  the  President  of  the  New  York  Central  Lines.  Attributes 
the  fissures  to  insufficient  ductility  in  the  rail  head  account  conditions 
of  manufacture,  with  conditions  of  service  contributory. 

"A  Study  of  Interior  Transverse  Fissures  in  Rails."  By  P.  H. 
Dudley.  Railway  Age  Gazette,  Vol.  56,  p.  415,  February  27,  1914.  Editorial 
comment  on  p.  411.  Illustratedi  article  in  which  the  fissure  is  attributed 
to  various  conditions  of  manufacture,  and  particularly  to  the  bad  effect 
of  the  gagging  when  straightening  the  rail. 

"Internal  Transverse  Defects  in  Steel  Rails."  By  Robert  Job.  Iron 
Age,  Vol.  93,  p.  660,  March  12,  1914.  From  the  article  in  the  Railway 
Age  Gazette,  February  6,   1914. 

"Transverse  Fissures  and  Broken  Rails."  Iron  Age,  Vol.  93,  p.  1528, 
June  18,  1914.  From  Interstate  Commerce  Commission  report  on  New- 
York,  New  Haven  &  Hartford  wreck  near  Westerly,  R.  I. 

"Interstate  Commerce  Commission  Investigation  of  New  York,  New 
Haven  &  Hartford  Accident  near  Westerly,  R.  I."  Report  by  Chief 
Inspector  of  Safety  Appliances,  dated  April  24,  1914,  of  accident  on 
October  25,  1913,  embodying  reports  by  J.  E.  Howard,  Bureau  of  Stand- 
ards, New  York,  New  Haven  &  Hartford  Railroad  and  Wirt  Tassin. 
Mr.  Howard  concluded  "that  the  proximate  cause  to  which  the  transverse 
fissures  in  broken  rail  No.  1  are  ascribed  are  high  wheel  loads,  with  their 
attending  strains,  evidence  of  other  causes  not  having  been  found." 

"Fatigue  of  Rails."  By  Paul  Kreuzpointner.  Railway  Age  Gazette. 
Vol.   57,  p.  755,   October  23,   1914.     A  discussion   of  "fatigue,"   or   detail 
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fracture    with    illustrations    of    the    difference    in    the    appearance    of    such 
fracture  in  good  or  sound  material  and  in  defective  material. 

"Interstate  Commerce  Commission  Investigation  of  Delaware.  Lacka- 
wana  &  Western  Accident  near  Alford,  Pa."  Report  by  Chief  Inspector 
of  Safety  Appliances,  dated  December  31,  1914,  of  accident  on  October 
31,  1914,  embodying  report  by  J.  E.  Howard.  The  conclusion  is  ex- 
pressed "That  the  growth  of  transverse  fissures  is  the  result  of  repeated 
stresses,  and  their  formation  occurs  in  consequence  of  overloads  applied 
to  the  rails  in  service." 

1915. 

"Study  of  a  Rail  With  Internal  Fissures."  By  M.  H.  Wickhorst. 
Proceedings,  American  Railway  Engineering  Association,  Vol.  16  (i9'5). 
p.  195.  Results  of  an  examination  of  a  rail  that  had  failed  in  service 
due  to  transverse  fissures.  It  showed  numerous  small  cracks,  mostly 
longitudinal,  in  the  interior  of  the  head. 

"Internal  Fissures  in  New  Rails."  By  M.  H.  JWickhorst.  Proceed- 
ings, American  Railway  Engineering  Association,  Vol.  16  (1915),  _P-  $9- 
Illustrations  are  given  of  some  small  longitudinal  cracks  found  in  new 
rails. 

"Interior  Transverse  Fissures."  By  P.  H.  Dudley.  Proceedings. 
American  Railway  Engineering  Association,  Vol.  16  (1915).  p.  1120. 
Illustrated  discussion  by  Dr.  Dudley,  presenting  part  of  a  letter  to  the 
President  of  the  New  York  Central  Lines.  Attention  is  called  to  the 
harmful  effect  of  the  gag  press  in  the  cold  straightening  of  rails. 

"The  Failure  of  Material  Under  Repeated  Stresses."  By  H.  F.  Moor* 
and  F.  B.  Seeley.  American  Societv  for  Testing  Materials,  Vol.  15,  !9'5- 
p.  437.  While  not  dealing  specially  with  rails,  this  paper  gives  a  full 
discussion  of  the  subject  of  "fatigue"  of  metals,  or  fracture  in  detail 
under  repeated  stresses,  together  with   a  bibliography  of  the   subject. 

"Fissures  in  Rails."  Railway  Review,  Vol.  56,  p.  562,  April  24,  19 15. 
Editorial  discussion  reviewing  various  explanations  for  transverse  fissures. 

"Gagging  Rails  and  Transversa  Fissures."  By  A.  W.  Thompson. 
Railway  Age  Gazette,  Vol.  59,  p.  888,  November  12,  191 5.  Expresses  the 
thought  that  the  elimination  of  gagging  would  probably  not  overcome 
the  transverse  fissure. 

"Transverse  Fissures  the  Result  of  Rail  Gagging."  By  P.  H.  Dudley. 
Railway  Age  Gazette.  Vol.  59.  p.  1001,  November  26.  1915.  Exhibits  two 
types  of  interior  transverse  fissure,  the  intergranular  and  coalescenr  types. 
The  intergranular  (or  simple  transverse)  fissure  is  explained  as  due  to 
gagging  on  the  base  in  straightening  and  the  coalescent  (or  compound) 
fissure  is  explained  as  due  to  gagging  on  the  head. 

National  Association  of  Railway  Commissioners.  Washington,  1).  C. 
Various  types  of  rail  failures  are  discussed,  including  transverse  fissures, 
in  the  reports  of  the  Committee  on  Rails  and  Equipment  for  1912  and 
succeeding  years.  This  failure  is  described  as  a  progressive  fracture 
under  repeated  alternate  stresses.  The  tendency  seems  to  be  to  ascribe 
the    failure   mostly   to  high   wheel   loads   and   hard    steel. 

CHEMICAL    AND    PHYSICAL    PROPERTIES. 

The  Altoona  Laboratory  of  the  Pennsylvania  Railroad  examined 
a  great  many  rails  that  failed  due  to  transverse  fissures,  the  examina- 
tions including  chemical  and  physical  tests.  The  information  was  kindly 
given     the     Committee     and     in    Table     1     is     shown     the    chemical     and 
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physical  results  obtained.  In  these  tables  the  tensile  strength  is  ex- 
pressed in  pounds  per  square  inch,  the  elongation  is  expressed  in  per  cent. 
in  two  inches  with  specimens  one-half  inch  in  diameter,  and  the  reduc- 
tion of  area  is  expressed  in  per  cent,  of  the  original  area  of  the  cross- 
section.  For  presentation  in  more  convenient  form,  some  of  this  informa- 
tion is  shown  diagrammatically  in  Figs.  4,  5  and  6,  presenting  the  age. 
carbon,  phosphorus,  tensile  strength  and  elongation  of  each  of  the  samples 
tabulated.  Tn  showing  the  carbon  and  phosphorus,  the  vertical  column 
showing  the  amount  of  the  element  is  divided  into  two  parts,  the  un- 
shaded part  representing  the  amount  in  the  corner  of  the  head  and 
the  shaded  part  representing  the  amount  in  the  interior  of  the  head. 

A  study  of  the  tallies  and  diagrams  shows  some  interesting  features. 
The  age  of  the  rails  when  broken,  it  will  be  noted,  lies  mostly  between 
two  and  four  years.  Across  the  carbon  diagrams  are  drawn  two  lines 
representing  the  carbon  limits  of  the  present  American  Railway  Engineer- 
ing Association  specifications,  namely.  .62  and  .75  per  cent.  It  will  be 
noticed  that  a  great  many  of  the  rails  show  carbon  above  .75  per  cent., 
although  probably  a  great  many  of  them  were  bought  to  specifications 
calling  for  carbon  above  the  present  American  Railway  Engineering  As- 
sociation   limits. 

A  line  is  drawn  across  the  phosphorus  diagrams  at  .04  per  cent, 
representing  the  upper  limit  in  rail  specifications,  and  it  will  be  noticed 
that  in  most  of  the  cases  of  open-hearth  rail  the  phosphorus  is  well 
below   this    amount. 

In  Report  40  the  relation  between  car!  on  and  tensile  strength  was 
found  to  be  expressed   by  the   formula, 

T  =  40,500  -f  1 250  ( ' 
where  T  equals  tensile  strength  in  lbs.  per  square  inch  and  C  equals 
carbon  in  .01  per  cent.  (See  Proceedings.  American  Railway  Engi- 
neering Association,  Vol.  16.  TQ15,  p.  175.)  According  to  this  formula 
the  average  tensile  strength  of  .62  per  cent,  carbon  rail  steel  is  118,000 
lbs.  per  square  inch  and  of  .75  per  cent,  carbon  rail  steel  is  134,250 
lbs.  per  square  inch.  Two  lines  are  drawn  on  the  diagram  to  represent 
these  tensile  strengths  and  while  most  of  the  individual  results  lie 
between  these  lines,  a  great  many  lie  below  them.  It  should  be  ex- 
plained that  in  preparing  the  tensile  test  piece,  the  head  of  the  rail 
was  usually  split  along  the  middle  and  the  tensile  specimen  was  then 
cut  from  about  the  center  of  one-half.  The  axis  of  the  test  specimen 
was  thus  about  half-way  between  the  side  of  the  head  and  the  vertical 
center  plane  of  the  rail,  and  also  about  half-way  between  the  top 
and   bottom    surfaces  of  the   rail   head. 

Also  in  Report  40  the  relation  between  carbon  and  elongation  was 
found    to   be   expressed    by   the    formula: 

E  =  40  —  .38  C 
where    E    equals    the    per    cent,    elongation     in     two     inches    and     C    the 
carbon   in   .01    per  cent.      (See    Proceedings,    American    Railway   Engineer- 
ing   Association.    Vol.    10.    T015.   p.    176.)      According   to    this    formula,   the 
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CORRECTION. 

THE    PENNSYLVANIA    RAILROAD    COMPANY. 

Philadelphia,  April  26,  1916. 
Mr.  W.  C.  Cushing, 

Chief  Engineer  M.  of  W. 

Dear  Sir : 

Referring  to  American  Railway  Engineering  Association  report  No. 
52,  to  the  Rail  Committee,  on  Internal  Fissures  in  Rails: 

In  Table  1,  pages  8  to  10,  inclusive,  a  number  of  the  rails  are  given 
as  P.  R.  R.  section,  rolled  in  1909,  or  later  years,  whereas  the  rolling  of 
the  P.  R.  R.  section  rail  has  been  stopped  since  1907,  with  the  exception 
of  one  small  lot,  which  was  used  on  side  tracks. 

I  have  had  Mr.  Coughlin's  office  check  this  list  over,  and  find 
that  Bethlehem  rails  Nos.  13,  28,  34,  36  and  44  should  be  P.  S.  instead  of 
P.  R.  R.  section.  Although  their  records  do  not  show  it,  Bethlehem  rail 
No.  30  presumably  should  also  be  P.  S.  section,  as  the  Bethlehem  Com- 
pany never  rolled  any  P.  R.  R.  100-pound  section. 

I  presume  that  Carnegie  Rail  No.  1,  given  as  P.  R.  R.  85-pound  sec- 
tion, rolled  in  1909,  should  also  be  P.  S.  section.  Possibly  your  records 
will  show  this. 

In  checking  over  this  table  Mr.  Coughlin's  office  has  found  several 
errors,  which  it  might  be  well  to  bring  to  Mr.  Wickhorst's  attention, 
viz.,  Bethlehem  rail  No.  17,  carbon  and  manganese  .85  and  .83,  re- 
spectively, instead  of  .63  and  .63.  Bethlehem  rail  No.  24,  reduction  of 
area  5.22  instead  of  6.22,  as  given.  Cambria  rail  No.  4,  85-pound  section 
instead  of  100,  as  given.  Lackawanna  rail  No.  4,  tensile  strength  126550, 
instead  of  136200,  as  given.  Pennsylvania  Steel  Company  rail  No.  3,  car- 
bon .82  instead  of  .52,  as  given. 

Yours  truly, 

(Signed)  A.  W.  Gibbs, 
Chairman,   Rail    Committee. 
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Fig.  4.    Diagrams  of  Transverse  Fissure  Rah.?. 
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Fig.  5.     Diagrams  of  Transverse  Fissure  Rails. 
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TRANS  VERSE     r  15 SURE  RAILS. 

MILL  CAR  I  LACKAWANNA  \MD\      P£NNA. 


Frr,.  6.    Diagrams  of  Transverse  Fissure  Rah 
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elongation  of  .(_'  per  cent,  carbon  rail  steel  averages  16.5  per  cent,  and 
of  .75  per  cent,  carbon  rail  steel  averages  11.5  per  cent.  Two  lines  are 
drawn  on  the  diagram  to  represent  these  elongations,  and  it  will  be 
noted  that  a  great  many  of  the  individual  elongations  are  considerably 
below   the   normal  amount. 

A  matter  of  special  interest  and  importance  concerning  these  results 
is  the  light  they  throw  on  the  relation  of  chemical  composition  to 
transverse  fissures.  A  study  of  the  carbon  and  phosphorus  diagrams 
shows  that  some  of  the  samples  showed  segregation,  that  is,  had  a 
concentration  of  carbon  and  phosphorus  in  the  interior  of  the  rail  head, 
and,  that  other  samples  showed  a  negative  segregation,  or  impoverish- 
ment, that  is,  they  had  an  impoverishment  of  carbon  and  phosphorus 
in  the  interior  of  the  rail  head.  Only  a  few  samples  showed  any  con- 
siderable segregation.  This  comparison  of  the  analyses  of  the  interior 
and  outer  metals  shows  approximately  the  part  of  the  ingot  that  the 
rail  was  rolled  from.  When  the  two  samples  show  about  the  same 
analysis  the  rail  was  probably  from  the  middle  third  of  the  ingot,  or 
close  to  the  bottom  of  the  ingot.  If  segregation  is  shown,  that  is,  if 
the  interior  of  the  rail  head  shows  more  carbon  and  phosphorus  than 
the  metal  in  the  outer  portions  of  the  section,  the  rail  was  probably 
from  the  upper  third  of  the  ingot.  If  negative  segregation  is  shown, 
that  is,  if  the  interior  of  the  head  of  the  rail  shows  less  carbon  and 
phosphorus  than  the  metal  in  the  outer  portions  of  the  section,  the  rail 
was  probably  from  the  lower  third  of  the  ingot,  although  close  to  the 
bottom  of  the  ingot  the  metal  is  also  of  fairly  uniform  composition 
across  the  section. 

The  number  of  the  rails  for  each  amount  of  difference  between 
the   outside  and  interior  steel   is   shown   in   Table   3 : 

TABLE  2.      CARBON   COMPARISON. 

Approximately   Lower    Half    Ingot.       Approximately    Upper    Half    Ingot. 

Hundredths  Per  Cent.  Carbon  That  Hundredths  Per  Cent.  Carbon  That 
Center  Head  Is  Less  Than  Corner.       Center    of    Head    Exceeds    Corner. 


Amount. 

No.  of  Rails. 

Amount. 

Xo.  of  Rails. 

.CO 

9 

.01 

9 

.01 

12 

.02 

4 

.02 

8 

•03 

3 

•03 

7 

.04 

5 

.04 

8 

•OS 

3 

•05 

8 

.o<> 

2 

.06 

2 

.07 

3 

.07 

0 

.08 

5  • 

.08 

1 

.09 

2 

.09 

2 

.10 

2 

.10 

1 

.11 

0 

.1 1 

0 

.12 

1 

.12 

1 

•13 

1 

r 

•T4 

1 
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•15 

0 

.16 

1 
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It  will  be  noted  that  an  attempt  has  been  made  to  assign  each  rail 
to  one  of  the  two  halves  of  the  ingot,  which  classification,  however, 
can  be  regarded  as  only  a  rough  approximation.  It  serves  to  indicate, 
in  connection  with  the  more  detailed  classification,  that  the  rails  are 
distributed  indiscriminately  over  the  whole  ingot.  The  results  in  the 
table  are  presented  diagrammatically  in  Fig.  ~.     About  6  per  cent,  of  the 
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rails  showed  segregation  beyond  the  12  per  cent,  allowed  under  the 
specifications  and  inspection  used  by  the  Pennsylvania  Railroad  in  some 
of  its  recent  rail  purchases.  It  would  seem,  therefore,  that  segrega- 
tion is   not  a   large   factor   in   causing    transverse   failures. 

To  sum  up,  this  study  indicates  that  transverse  fissures  occur  indis- 
criminately in  the  several  rails  of  the  ingots  and  that  segregation  is  not 
an    important  factor    in    causing    the    fissures. 

BUREAU  OF  STANDARDS. 

The  Government  Bureau  of  Standards  at  Washington  has  been 
collecting  samples  of  transverse  fissure  rails  and  has  underway  some 
extensive  investigations,  including  physical,  chemical,  metallographic, 
magnetic  and  alternating  stress  methods.  This  work  will  probably  de- 
velop  some   interesting  and   important   information   on  the   subject. 


CARNEGIE  STEEL  COMPANY. 

The  Carnegie  Steel  Company  lias  been  making  some  vibratory  or 
alternating  stress  tests  of  rails  at  the  Edgar  Thomson  Works  at  Brad- 
dock,  Pa.  The  machine  used  consists  of  a  rail  straightening  press  fitted 
with  side  arms  so  that  both  tension  and  compression  are  applied  alter- 
nately to  both  the  bead  and  base  of  the  rail.  At  first  one  machine 
was   used,   but  the  test   takes   so   long   that   another  machine   was   fitted 


SOME  OF  THE  CAUSES  OF  RAIL  FAILURES. 
PREFACE. 

The  original  copy  of  this  report  of  a  study  of  rails  which  have  failed 
in  main  track  service  has  been  placed  for  reference  in  the  Library  of 
the  Institution  of  Civil  Engineers,  and  an  abstract  of  it  has  been  included 
as  a  "Selected"  Paper  in  Volume  201  of  the  Institution  Proceedings. 
The  Council  has  graciously  allowed  its  publication  in  the  Proceedings 
of   the   American   Railway   Engineering   Association. 

The  study  of  rail  design  and  of  the  material  from  which  rails  are 
manufactured  has  been  a  continuous  one  since  the  railway  was  fairly 
launched  as  a  transportation   system. 

The  establishment  of  engineering  societies  has  made  many  of  the 
studies  available  for  engineers  generally.  In  the  United  States  of  Amer- 
ica, the  American  Society  of  Civil  Engineers  gave  considerable  atten- 
tion to  the  subject  until  the  year  1899.  A  committee,  with  Mr.  Ashbel 
Welch  as  Chairman,  reported  "On  the  Form,  Weight,  Manufacture  and 
Life  of  Rails"  from  1874  to  1876,  and  another  committee,  with  Mr.  G. 
Bouscaren  as  Chairman,  reported  on  "Standard  Rail  Sections"  from  1891 
to  1893,  which  resulted  in  the  adoption  by  that  Society  of  the  "American 
Society  of  Civil  Engineers  (A.  S.  C.  E.)  Rail  Sections."  They  were  after- 
wards quite  generally  used  by   different  railway  companies. 

In  1898-99,  the  American  Railway  Engineering  Association  was 
formed,  and  it  immediately  undertook  the  active  study  of  the  rail  prob- 
lem, as  indicated  by  the  many  reports  in  its  Proceedings.  Some  of  these 
studies  have  been  made  by  a  standing  committee,  and  some  by  various 
members  of  the  Association  in  connection   with   their   official  work. 

The  study  of  rail  failures  has  for  the  most  part  been  a  study  of  an 
"individual"  or  "single"  rail  which  has  failed  in  service,  but  there  can 
also  be  a  "collective"  study  of  many  samples  of  failures  arranged  in 
gioups  for  the  purpose,  and  the  standing  committee  of  the  American 
Railway  Engineering  Association  has  given  many  such  studies  of  rail 
failure    statistics   in    its    Proceedings. 

The  study  embodied  in  the  present  paper  is  such  a  "collective"  study, 
or  study  of  a  large  number  of  failures  arranged  in  groups  of  the  same 
kind,  but  the  presentation  of  the  subject  is  quite  different  from  that 
of  previous  studies,  in  that  the  defects  in  the  rails  found  by  physical  tests 
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and  chemical  and  microscopical  analyses  have  been  classified  and  so 
marked  that  they  can  be  readily  and  comprehensively  viewed  by  the 
eye,  and  the  characteristic  detect,  influencing  the  failure,  or  pointing 
cut  its   cause,   picked   out. 

The  numerous  and  characteristic  defects  of  "Split  Head"  rails  are 
to  marked  in  comparison  with,  for  instance,  the  rails  which  have  given 
good  service,  that  the  lesson  is  very  striking  and  impressive. 

The  fact  that  it  was  prepared  for  a  British  audience  will  justify  the 
use  of  some  explanatory  passages  in  the  paper  which  are  now  well  under- 
stood by  the  members  of  our  Association. 

Pittsburgh,  December  8,  1915.  W.  C.  Cushing. 


SOME  OF  THE  CAUSES  OF  RAIL  FAILURES. 

By  W.  C.  Cushing. 

*In  1909  and  1910,  the  writer  made  a  study  of  108  rails  which  had 
failed  in  main  track  service  in  order  to  try  and  throw  some  light  on  a 
subject  which  had  been  engaging  the  attention  of  many  railway  engineers 
for  several  years,  the  problem  being  to  arrest  and  diminish  the  growing 
number  of  rail   failures  in  service  in  the  main  tracks  of  the   railways. 

This  was    followed   in   191 1    with   an  tanalysis   by   Mr.  M.   H.   Wick- 

horst  of  data   relating  to   17  rails   with   a   record  of  good   service  in  the 

main  tracks,  which  had  been  supplied  by  Mr.  R.  Trimble  and  the  writer. 

Since  that   time  the   study   of  such   rails   has   been   continued   by   the 

writer,   and   the   results    are  now  presented   in   the   following   pages. 

From  January  26.  1909,  to  December  16,  191 2.  practically  a  period 
of  four  years,  there  were  4,330  rail  failures  in  1,790  miles  of  single  main 
track,  being  60  failures  for  each  100  miles  of  track  per  annum.  These 
were  not  all  broken  rails,  but  represent  the  sum  total  of  all  kinds  of 
failures.  It  has  been  found  advisable,  by  the  railways  of  North  America, 
to  classify  rail  failures,  as  some  kinds  of  failures  are  more  dangerous 
than  others,  and  this  has  been  done  in  accordance  with  the  scheme  ex- 
plained on  the  back  of  the  Track  Foreman's  blank  for  reports,  Form  M, 
W.  34-A,  (formerly  M.  W.  4.43),  a  copy  of  which  accompanies  each  re- 
port of  rail  examination  made  at  the  Laboratory,  and  to  which  the  reader 
is  referred   for  the  explanation  of  the  terms  used. 

This  classification  consists  of  : 

1.  Broken  Rail,  illustrated  by  No.   196. 

2.  Flow  of  Metal,  illustrated  by  No.   302. 

3.  Crushed  Head,  illustrated  by  No.  2X7. 

4.  Split  Head,  illustrated   by   No.  395. 

5.  Split  Web,  illustrated  by  No.  531. 

6.  Broken  Base,  illustrated  by  No.  505. 

7.  Damaged,  illustrated  by  Nos.  655  and  656. 

Of  course,  these  classifications  are  but  approximate,  for  they  are 
made  by  the  Track  Foreman,  and  the  defect  named  is  just  as  it  appears 
on  the  outside  of  the  rail  to  the  observer.  Examination  at  the  Labora- 
tory often  discloses  a  "split  head"  as  the  prime  cause  of  a  "crushed  head,"' 
a  "broken  base"  or  a  "split  well"  as  the  cause  of  a  "broken  rail."  etc. 

"Damaged"  rails  are  not  taken  account  of  in  rail  failure  statistics,  be- 
ing caused   by   wrecks   or   defective   equipment,   and   so   are   not   included 


*Proceedings   American    Railway    Engineering   Association.    1911,   Vol.    12, 
Part  II,  pp.   230  and  293. 

tProceedinss   American    Railway    Engineering    Association,    1012,    Vol.   13, 
p.    573. 
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in  the  classification  of  the  4,330  rail  failures  spoken  of  above,  which  is 
shown  in  Table  No.  1.  The  dimensions  and  the  mathematical  characteris- 
tics of  the  different  rail  sections  mentioned  in  this  table  are  given  in  Figs. 
A,  B,  C,  D,  E  and  F.  Fig.  A,  the  P.  R.  R.  (Pennsylvania  Railroad) 
section,  was  first  in  use,  but  gave  way  to  the  85-lb.  and  then  the  100-lb. 
A.  S.  C.  E.  (American  Society  of  Civil  Engineers)  sections,  Figs.  B  and  C. 
These  in  turn,  on  account  of  their  thin  bases  and  greater  proportion  of 
metal  in  the  head  than  in  the  base,  gave  way  to  the  P.  S.  (Pennsylvania 
System)  sections,  85  and  100  lbs.  per  yard,  Figs.  D  and  E.  The  A.  R.  A. — 
A  (American  Railway  Association,  Type  A)  section,  Fig.  F,  was  designed 
a  short   time   afterwards   for   trial. 

The  "broken  base"  failures  have  been  practically  eliminated  by  the 
heavy  base  of  the  100-lb.  P.  S.  section. 

All  of  the  other  classified  failures,  except  "broken  rail,"  can  be  grouped 
into  "head  and  web"  failures,  which  usually  give  warning  of  their  defective 
structure  before  rupture  occurs,  and  so  are  not  considered  dangerous  to 
the  traffic.  They  make  up  by  far  the  largest  proportion  of  failures,  and 
foreign  writers,  when  speaking  of  the  large  number  of  failures  in  the 
United  States,  not  being  aware  of  this  classification,  often  designate  them 
as  "broken  rails"  which  is  very  misleading. 

The  number  of  "broken"  rails,  787,  is,  however,  much  too  large,  al- 
though it  must  be  borne  in  mind  that  the  period  covered  by  these  sta- 
tistics includes  the  very  severe  winter  of  1912,  when  breakages  were  so 
numerous  in  North  America  on  account  of  the  deeply  frozen  roadbed  for 
a  longer  duration  of  time  than  usual. 

It  is  not  practicable  to  make  a  complete  survey  of  the  chemical 
condition  and  physical  properties  of  every  rail  which  fails,  when  they 
are  so  numerous,  and  therefore  it  has  been  our  custom  to  select  at  ran- 
dom rails  which  have  failed  in  the  different  ways  indicated  by  the  "classi- 


TABLE  NO.  1. 
Pennsylvania  Lines  West  of  Pittsburgh — South  West  System. 

STATEMENT  OF  RAIL  FAILURES  FROM  JANUARY  26,  1909,  TO  DECEMBER  16, 
1912,  CLASSIFIED  AS  TO  KIND  OF  FAILURE,  SECTION,  PROCESS  AND  WEIGHT. 
Office  of  Chief  Engineer  M.  of  W.  Pittsburgh,  Pa.,  August,  1914. 


Section. 

Process. 

Kind  of  Failure 

wt. 

Broken 

Flow  of 
Metal. 

Crushed 
Head. 

Split 
Head. 

Broken 

Web. 

Split 
Base. 

Total 
Failure5" 

10(1 
100 

A. S.C.E... 
P.  S 

Bessemer. . . . 
Bessemer.. . . 
O.  H.-A 
O.  H.-B 
Bessemer.  . . 

Bessemer 

Bessemer. . . . 

Bessemer 

O.  H.-A 

100 

51 

3 

5 

3 

43 

373 

202 

4 
29 

1 

6 

67 
12 
7 
2 

59 

23 

1 

4 

35 

366 

211 

18 

5 

156 
94 

6 
113 
315 
1279 
326 

13 

12 

1 

5 

10 

17 

129 

73 

3 

7 
87 
35 

335 
209 

100 

P.S 

5 

100 

P.  S... 

17 

100 
85 
85 
85 
85 

A.R.A.-A.. 
P.  R.  R 

A.  S.C.E... 

P.S 

P  S 

130 

423 

2301 

859 

25 

85 

P.  s 

O.  H.-B 

OH  Mayari.. 

2 
5 

io 

1 

1 

21 

85 

P.  s.. 

5 

Total 

787 

128 

722 

2299 

261 

133 

4330 
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fication,"  and  send  them  to  the  laboratory  for  study,  in  order  to  deter- 
mine the  cause  of  the  failure  and  learn  from  it,  if  possible,  the  course  to 
be  pursued  for  bringing  about  an  improvement  in  rail  manufacture.  The 
chemical  and  physical  examinations  were  nearly  all  made  at  the  Altoona 
Laboratory  of  the  Pennsylvania  Railroad. 

Naturally,  a  greater  number  of  the  "broken"  rails  has  been  selected 
for  examination,  on  account  of  the  greater  element  of  danger  to  traffic, 
but  it  must  be  said  that,  considering  the  large  number  of  failures,  com- 
paratively few  serious  accidents  have  resulted  from  the  failures,  a  tribute 
to  the  vigilance  and  care  of  the  trackmen,  and  to  the  fact  that  the  great 
majority  of  the  fractures  are  square  breaks. 

For  the  purpose  of  this  study,  there  has  been  surveyed  the  following 
number  of  each,  classification: 


Broken    286 

Flow  of  Metal 15 

Crushed   Head    19 

Split   Head    153 

Split  Web    18 

Broken  Base  42 

Damaged    (without    fracture)    2 

Worn  out  in  service    68 


Total  603 

In  order  to  make  the  study  as  convenient  as  possible,  and  to  have 
the  characteristics  stand  out  in  the  clearest  light,  the  results  of  the  chem- 
ical and  physical  survey  have  been  tabulated,  and  platted  in  diagram  form, 
on  the  accompanying  sheets.  The  principal  defects  in  the  quality  of  the 
material  and  the  roadbed  which  are  considered  to  have  had  some  influ- 
ence in  causing  the  failures  have  been  shown  in  a  standard  form  in  the 
last  few  columns  of  the  tables,  so  as  to  catch  the  eye  readily.  The  rails 
under  consideration  were  all  manufactured  by  the  Bessemer  process,  ex- 
cept the  few  on  sheets  17  and  19.  They  are  of  several  different  rail  sec- 
tions, or  types,  made  by  different  manufacturers,  weighing  85  and  100  lbs. 
per  yard,  and  having  a  life  before  removal  varying  from  the  rail  which 
broke  before  it  was  put  in  the  track  to  the  one  which  lasted   17  years. 

BROKEN   RAILS. 

In  looking  at  the  right-hand  side  of  the  sheets  of  the  tabulated  state- 
ment (Nos.  2  to  8),  the  observer  is  struck  with  the  large  number  of 
breakages  which  has  occurred  at  a  time  when  the  roadbed  was  frozen,  203 
out  of  286,  or  71  per  cent.  Furthermore,  96,  or  one-third  of  the  fractures, 
occurred  within  the  limits  of  the  joint.  If  there  was  no  fault  to  be 
found  with  the  material,  this  would  be  a  clear  indication  that  the  mar- 
gin of  safety  of  the  rail  under  ordinary  service  conditions  was  quite 
small,  because  when  the  conditions  became  unusually  severe,  as  in  the 
case  of  a  long-continued  frozen  roadbed,  the  rails  immediately  began  to 
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Area   of  Head  3.823  sq.m  4-6.1  "1° 

Web  1.575     •     •■  \°>0°1° 

Base  2.894    "     ■  34.  9  "*<> 

Total  8.292    ■     -  100.0"*° 

Moment  of  Inertia  =  27.4-28 

Section  Modulus  of  Head  =  10 65 
■•  Base  =  1 1.32 


PENN'A    LINES    WEST    OF   PITTSBURGH 

Office    of  Chief  Engineer   MofW 
SOUTH-WEST    SYSTEM 
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FiQ.  B. 

A.S.C.E.  85  1b. 


Area   of  Head      3  50  sq  m  4-2  ^ 

Web         175  •■     ■  21    - 

Base       3  09  "     '  37  ' 

8  34  • 


Total  8  34      -     ••       100  0% 

Moment  of  Inertia  =  30  00 

Section  Modulus  of  Head  =  II  16 
■■   Base  =  12  00 


PENN'A     LINES    WEST     OF    PITTSBURGH 
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Fiq.C. 

A.S.C.E.    100  lb. 


Area   of  Head      4-13  sq  m  4-2  "!• 

Web        2.06  "    "  21    - 

Base      3.63  "    "  31  - 

9.82  " 


Total 

Moment  of  Inertia  =  4.3.80 

Section  Modulus  of  Head  =  1485 
•■    Base- 1564 


PENNl'A.  LINES    WEST    OF   PITTSBURGH 

Office    of  Chief  Engineer  M  of  W 
SOUTH-WEST    SYSTEM 
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* L 


Area    of  Head  3  57  sqm  42  2% 

-          •   Web  i.5l  -    .          17.6 

•  Base  139  -    .  A00 

Total  8.47  -  100.0% 

Moment  of  Inertia  =     £3  / 

Section  Modulus  of  Head -10.77 
Base -12.02 


PENN'A.  LINES   WEST    OF  PITTSBURGH 
Office  of  Chief  Engineer  M  oPtf 

SOUTH     WEST    SYSTEM 
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Fii.E. 

P.  S.   100  LB. 


Area    of  Me  ad 

409 

sq  in. 

410% 

«  web 

1.85 

186- 

•  Base 

4.03 

40.4- 

Total 

937 

100.0% 

Moment  of  lnertia'41.9 

Section  Modulus  of  Head' 13.71 
-   Base -1591 


PENNA.  LINES  WEST    OF  PITTSBURGH 
Off.ce  of  Ch.eP  Engineer  M  ofW 

SOUTH     WEST   SYSTEM 
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Fig.F. 
AMERICAN    RAILWAY    ASSOCIATION. 

Standard  A.R.A.  Rail  Section.  Type  A. 


Area  of  Head8  3.64  sq  in  =  36.9  °'e  Ratio  Periphery  of  Head  to  Area  of  Head  =1.80 

«       ■    Web  =2.29     -     =23.4"  -               "                Web          "           Web   =3.21 

■    Base  =  3.91      "     =39.7"  ■               "               Base         "           Base  =  3.29 

Total  =9.84     "     =100.0"  "     Total   Periphery  to  Total  Area               =2.92 

Moment  of  Inertia         =48.94 

Section  Modulus,  Head  =  15.04 

Base  =  17.78 
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break,  and,  to  a  considerable  extent,  at  the  weakest  point,  namely,  the 
joint. 

Examination  in  detail,  however,  discloses  many  defects  in  the  chem- 
ical composition  and  the  strength  and  ductility  of  the  material,  which 
must  have  had  a  detrimental  influence  and  helped  in  a  large  measure  to 
bring  about  failure,  when  the  very  small  percentage  of  breakages  to  the 
total  number  of  rails  in  service  is  borne  in  mind. 

For  instance,  the  material  in  a  very  large  proportion  is  hard,  a 
property  which  is  usually  accompanied  by  brittleness  or  segregation  more 
or  less  accentuated  or  both,  and  in  that  condition  it  is  especially  subject 
to  fracture  when  the  roadbed  is  frozen.  There  were  but  31  cases  of 
hardness  not  accompanied  by  brittleness,  segregation  or  some  other  de- 
fect, such  as  rolling  seam,  slag,  or  the  presence  of  foreign  metal  due  to 
the  cutting  of  the  ingot  mould  stool,  or  pieces  of  steel  thrown  on  the 
stool  to  prevent  cutting. 

Some  of  the  31  fractures  of  rails  exhibiting  only  hardness  of  ma- 
terial without  other  defects,  were  probably  helped  along  by  rather  in- 
ferior line  and  surface  of  track  and  poor  condition  of  ties,  but  such 
conditions  of  track  will  always  be  met  with,  as  perfection  of  roadbed  and 
equipment  cannot  be  continuously  maintained,  and  consequently  the  rail 
material  is  expected  to  be  strong  enough  to  meet  the  conditions  imposed. 

In  the  case  of  12  breakages  in  the  joint  only  does  one  fail  to  account 
for  the  additional  weakness  at  that  point  by  defective  material. 

In  21  of  the  rails,  slag  was  present.  As  19  of  these  were  of  the  P. 
S.  section,  which  was  introduced  with  the  year  1908,  it  would  appear  that 
the  methods  used  by  the  mills  for  pouring  ingots  are  not  as  good  as  those 
formerly  used,  or  there  is  increased  carelessness  on  the  part  of  the 
workmen. 

Photomicrograph  No.  18  shows  very  clearly  the  presence  of  a  large 
amount  of  slag  in  a  rolling  seam  in  the  rail  base. 

The  diagrams  on  the  plates  have  been  prepared  to  show  graphically 
how  close  to  the  specification  limits  the  chemical  constituents  usually  come, 
and  also  the  variations  of  the  physical  qualities.  Plates  1  and  2  are  of 
"broken"  rails,  with  a  few  "good  service"  rails  for  comparison,  the  latter 
not  being  worn  out  when  removed  (Sheet  1).  The  P.  S.  or  latest  type  of 
rails  have  been  grouped  together,  and  it  is  noticeable  how  much  shorter 
the  period  of  life  has  been  than  in  the  case  of  the  others.  This  is  largely 
because  the  fragile  rails  had  already  been  weeded  out  of  the  others, 
such  weeding  out  usually  taking  place  during  the  first  4  or  5  years'  life. 
No  comparison  can  be  exact  unless  the  age  and  conditions  of  service  are 
the  same,  a  state  of  affairs  which  can  only  be  brought  about  by  a  ''special 
experiment." 

In  the  case  of  the  A.S.C.E.  and  P.S.  rails,  it  is  noticeable  in  what  a 
large  percentage  the  carbon  and  phosphorus  keep  well  up  to  the  upper 
limit,  and  in  many  cases  they  are  quite  in  excess.  The  manganese  keeps 
more  uniformly  within  the  bounds  assigned   for  it. 
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In  the  case  of  the  P.R.R.  "broken  and  "long  service"  rails,  the  car- 
bon keeps  well  below  the  upper  limit,  due  largely  to  the  fact  that  when 
they  were  rolled,  the  limits  were  5  points  less  in  each  case,  that  is  0.40 
snd  0.50  per  cent,  instead  of  0.45  and  0.55  per  cent.  The  long  life  of 
these  rails,  13  to  17  years,  indicates  a  less  hard  and  brittle  condition  of  the 
material,  which  is  borne  out  by  the  tabulated  statements.  There  are  a 
few  exceptions,  2N — (659),  2S — (660),  5N — (665),  5S — (666),  8,  9  and  10, 
which  cause  the  observer  to  wonder  whether  the  defects  were  kept  dor- 
mant during  all  those  years  by  the  quantity  of  metal  in  the  large  heavy 
head.  No.  9,  in  addition,  contained  a  flaw  in  the  head,  while  No.  10  had 
a  split  head.  In  the  case  of  Nos.  5N — (665)  and  5S — (666),  which  did 
rot  fail  in  service,  but  lasted  15  years  before  removal,  the  segregation 
was  very  bad.  No.  314  is  a  case  of  the  P.R.R.  section  with  a  split  head, 
which  gave  a  service  before  removal  of  13  years  and  10  months.  It  was 
badly  segregated  and  the  phosphorus  extremely  high.  No.  329  is  another 
very  bad  case  of  split  head,  with  much  segregation  and  slag  present,  which 
lasted  11  years,  but  this  time  of  85-lb.  A.S.C.E.  section,  a  smaller  head.  The 
high  manganese  and  silicon  in  the  web,  as  ordinarily  these  elements  do  not 
segregate,  lead  to  the  suspicion  of  the  presence  of  the  slag. 

Generally,  the  tensile  strength  of  the  "broken"  and  "good  service'' 
P.R.R.  is  less,  and  the  ductility,  measured  by  the  elongation,  higher  than  in 
the  case  of  the  other  rails,  due  possibly  to  the  lower  carbon.  No.  4N — 
(663)  is  a  very  soft  rail  with  a  long  life,  15  years,  and  yet  with  the 
metal  in  an  unsatisfactory  condition,  as  indicated  by  the  deep  etching. 

Nos.  621  and  622,  of  Bessemer  rail,  were  located  in  the  same  curve, 
tf/z  degrees  (radius  1273.57  feet),  where  a  special  experiment  was  being 
conducted,  and  measurements  to  show  the  amount  of  material  abraded 
by  the  train  wheels  from  the  head  were  made  semi-annually.  As  these 
two  rails  have  different  percentages  of  carbon,  it  will  be  interesting  to 
compare  them. 

COMPARISON  OF  RAIL  WEAR. 


No.  621  No.  623 


No.   6 


Carbon,  average  per  cent 

Manganese ,  average  per  cent 

Phosphorus,  average  per  cent 

Silicon,  average  per  cent 

Sulphur,  average  per  cent 

Tensile  strength,  pounds  per  square  inch 

Elastic  limit,  pounds  per  square  inch 

Elongation,  per  cent  in  two  inches 

Reduction  of  area,  per  cent  of  original  section 

Hardness,  Brinell  number 

Rail  section  and  weight  per  yard 

Years  and  months  in  service 

Square  inches  abraded  from  head 

Percentage  of  area  of  head  abraded 

Percentage  of  area  of  whole  section  abraded . 
Pounds  per  yard  of  rail  abraded 


0.46 
0.81 
0.101 
0.058 
0.051 
101,750 
48,270 

20.5 

35.31 

190 
100  PS 

3  years 

6  mos. 
0.85 

20.78 
8.53 
8.68 


0.56 
0.98 
0.090 
0.108 
0.043 
116,350 
58,740 

15.5 

26.80 
230 
100  PS 
3  years 
6  mos. 
0.90 

22.05 
9.03 
9.18 


0  37 

0.63 

0.094 

0.075 

0.021 
85,095 
40,675 
26.75 
46.83 
167 
85PRR 
15  years 
10  mos. 

0  75 
19.63 

9.05 

7.69 
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The  higher  carbon  and  manganese  of  No.  622  seems  to  have  re- 
sulted in  : 

increased  tensile  strength  and  elastic  limit, 

reduced  ductility, 

increased  hardness, 
while  at  the  same  time  the  abrasion  has  been  greater. 

No.  6  has  been  added  for  information,  although  not  strictly  com- 
parable on  account  of  having  been  in  service  under  different  conditions. 
It  was  laid  in  straight  track,  and  the  relative  tonnage  of  traffic  borne  by 
it  is  unknown,  but  it  had  a  very  long  life  with  much  less  carbon  and 
manganese  than  the  other  two.     It  is  also  less  strong,  but  more  ductile. 

Consequently,  there  must  be  other  unknown  conditions  entering  into 
the  manufacture  and  service  of  these  rails,  and  the  mill  practice  with 
reference  to  mixing  the  ingredients,  holding  the  molten  metal  for  thor- 
ough chemical  action,  teeming  it  into  the  ingot  moulds  with  care,  soaking, 
and  then  rolling,  must  play  a  very  important  part  in  the  quality  of  the 
material  and  its  endurance  in  service. 

Additional  experiments  seem  necessary,  therefore,  to  settle  the  ques- 
tions of  percentage  of  carbon  and  size  of  rail  head,  as  good  results  have 
also  been  obtained  with  much  higher  carbon  and  much  thinner  rail  heads. 

In  the  great  majority  of  the  rails  studied,  the  fracture  has  been  a 
simple  one,  that  is,  the  rail  broke  into  two  parts,  and  no  accident  re- 
sulted on  account  of  being  discovered  in  sufficient  time  by  the  trackmen. 
Occasionally,  however,  a  rail  flies  into  many  pieces,  and  it  is  usually  the 
cause  of  a  train  wreck.  Such  failures  are  the  most  dangerous  and  the 
most  to  be  dreaded.  No.  51  is  a  good  example  of  this  and  a  passenger 
train  was  wrecked  by  it.  It  was  a  very  bad  case  of  hardness,  brittleness, 
segregation  and  split  head,  and  had  been  6  years  in  service.  No.  15  also 
illustrates  this  kind  of  fracture  very  well.  Another  very  bad  case  of 
segregation  and  unsoundness  (0.87  per  cent,  carbon  in  the  web),  even 
worse  than  the  other,  is  No.  213,  although  it  did  not  cause  an  accident  in 
spite  of  being  broken  into  3  pieces.  The  web  was  in  very  bad  condition, 
having  considerable  slag  and  graphitic  carbon. 

Nos.  138  and  142  are  cases  of  broken  rails,  the  material  of  which 
seemed  sound,  and  no  cause  could  be  assigned  for  their  failure,  except 
that  the   fracture  occurred  in  a   joint. 

A  few  rails  which  broke  shortly  after  a  broken  wheel  passed  over 
them  were  examined  in  order  to  ascertain  if  such  fractures  occurred 
only  when  the  metal  was  of  poor  quality,  or  whether  the  fractures  oc- 
curred because  of  the  additional  punishment  by  the  broken  wheel  when 
the  metal  was  of  fairly  good  quality.  While  in  all  of  the  examples  the 
roadbed  was  frozen  at  the  time,  yet  the  material  was  reasonably  satisfac- 
tory except  in  one  case,  No.  no,  which  was  above  the  average  of  hard- 
ness and  had  a  rolling  seam  in  the  base.  No.  6^6  is  a  rail  which  was 
struck  a  severe  blow  by  a  wheel  with  a  flat  spot  about  8  inches  long  and 
with  a  middle  ordinate  of  about  J^-inch,  and  which  was  removed  from 
the  track  before  fracture.     The  object  of  the  examination  was  to  deter- 
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mine  what  effect  was  produced  on  the  metal  by  the  impact.  With  refer- 
ence to  the  quality  of  the  material,  there  was  an  inclination  to  brittle- 
ness  in  the  interior  of  the  head,  and  although  the  chemical  analysis  does 
not  show  any  segregation,  the  deep  etching  indicates  an  unsound  condi- 
tion of  metal.  The  photomicrograph  near  the  surface  at  the  dent  on  the 
rail  discloses  that  the  original  structure  is  entirely  changed  by  the  force 
of  impact. 

No.  655  contained  a  flat  spot,  which  was  burned  in  by  the  slipping 
driver  of  a  locomotive.  As  in  the  previous  case,  the  chemical  analysis 
showed  no  segregation,  but  the  deep  etching  disclosed  a  poor  structure, 
and  there  was  a  tendency  to  brittleness  in  the  interior  of  the  head,  due 
probably  to  the  rather  high  phosphorus.  Photomicrographs  were  taken 
near  the  edge  of  the  flat  spot,  1/16-inch,  >^-inch  and  ^-inch  below  the 
surface,  to  observe  the  different  arrangement  of  the  grain  at  each  depth. 
The  one  taken  near  the  surface  showed  a  granular  appearance  of  the  steel 
broken  up,  resembling  the  structure  of  heat-treated  steel. 

The  effect  of  wheels  on  the  running  surface  of  rails  is  illustrated  also 
ill  Nos.  639,  644  and  652.  No.  639  is  a  Bessemer  rail  from  an  8  degree,  27 
minute  (radius  678.67  feet)  curve,  of  good  material  though  of  low  hard- 
ness, which  shows  by  die  photomicrograph  the  grain  on  the  top  of  the 
head  distorted  by  the  wheel  load.  Xo.  644  is  an  open-hearth  rail  of  good 
material,  from  an  8  degree  (radius  716.78  feet)  curve,  and  shows  a 
hardened  area,  probably  due  to  the  slipping  of  the  locomotive  drivers. 
No.  652  is  another  open-hearth  rail,  but  of  low  hardness,  which  shows 
the  distorted  grain  and  narrow  hardened  surface  after  an  unusual  amount 
of  material  has  been  worn  from  the  top  of  the  head  in  the  short  period 
of  nine  months.  It  was  from  the  same  curve  as  the  last,  but  of  different 
manufacture. 

DEFECTIVE  HEADS. 

The  rails  classified  as  "flow  of  metal,"'  ''crushed  head,"  ''split  head" 
and  "split  web"  will  be  treated  under  the  heading  "Defective  Heads,"  be- 
cause what  appears  to  be  one  defect  is  often  another  when  cut  open  and 
examined.  For  instance,  No.  309  appeared  to  the  trackman  to  be  a  case 
of  "Aozv  of  metal,"  but  turned  out  to  be  a  "split  head"  when  cut  oven. 
It  is  also  rather  difficult  at  times  to  distinguish  between  "flow  of  metal" 
and  "crushed  head."  Again,  Nos.  291,  292  and  203  appeared  to  the  track- 
man to  be  cases  of  "crushed  heads,"  but  it  turned  out  that  the  crushing 
was  due  to  "split  heads,"  and  No.  454  was  also  a  "split  head"  instead  of 
a  "split  web,"  although  the  first  sign  of  failure  was  a  crack  longitudinally 
along  the  web. 

It  will  be  noticed  from  Table  I  that  "defective  heads"  were  very 
numerous  during  the  period  in  question,  3,410,  and  that  2.299  of  them  were 
classified  as  "split  heads."  Of  the  total.  205  were  examined,  or  surveyed, 
at  the  Altoona  Laboratory,  and  the  results  are  tabulated  on  the  accom- 
panying sheets,  Nos.  9  to  15. 

The  first  thing  noticeable  in  examining  these  sheets  is  that  scarcely 
any  of  the  failures  have  occurred  in  the  joints,  and  the  condition  of  the 
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roadbed  has  no  important  bearing  on  the  problem.  Segregation,  how- 
ever, is  an  almost  invariable  companion  of  the  defective  head  and  web, 
and  that  is  nearly  always  accompanied  by  one  or  both  of  the  other  defects, 
brittleness  and  hardness.  Sometimes  slag  is  present  and  sometimes  for- 
eign steel,  due  to  the  cutting  or  protection  of  the  ingot  mould  stool,  but  an 
examination  of  a  rail  with  a  bad  head  will  nearly  always  disclose  segre- 
gation, brittleness  and  hardness.  One  or  two  of  them  is  sometimes  absent. 
A  split  head,  however,  very  rarely  occurs  without  the  accompaniment  of 
one  or  more  of  the  defects,  which  is  pretty  positive  proof  that  the  metal 
will  stand  up  under  the  load  if  it  is  homogeneous  and  free  from  defects. 
The  segregation  is  nearly  always  confirmed  by  the  deep  etching,  as  well 
shown  by  No.  441,  but  No.  370  is  a  case  of  split  head  with  segregation  in 
which  the  latter  is  not  shown  by  the  etching.  No.  158  is  a  similar  case 
of  a  segregated  broken  rail. 

In  the  case  of  "flow  of  metal"  and  "crushed  head"  failures,  the  sul- 
phur has  often  been  found  to  be  rather  higher  than  normal. 

A  good  example  of  the  effect  of  using  scrap  steel  on  the  stool  of  the 
ingot  mould  to  prevent  cutting  is  shown  by  Nos.  290  and  368.  The  former 
is  a  "D"  rail  and  the  latter  a  "C"  rail,  that  is,  rails  from  the  lower  part 
of  the  ingot.  It  is  the  general  custom  now  to  have  the  rails  stamped  with 
letters  to  designate  their  location  in  the  ingot,  with  the  object  of  tracing 
defects  back  to  the  ingot  in  the  study  to  bring  about  improved  mill  prac- 
tice. The  rails  are  stamped  "A,"  "B,"  "C,"  etc.,  beginning  with  the  top. 
The  foreign  steel  is,  therefore,  usually  found  in  the  rails  from  the  lower 
part  of  the  ingot.  No.  460.  however,  is  an  example  of  such  a  defect  in 
an  "A"  rail,  indicating  a  rather  turbulent  teeming  of  the  ingot.  It  is  a 
remarkably  bad  rail,  containing  many  irregularities,  and  it  is  a  wonder  that 
it  gave  a  service  of  2  2/3  years  before  failure.  The  difference  in  the  tex- 
ture of  this  soft  included  steel  and  the  rail  steel  is  well  brought  out  in 
the  photomicrographs  of  Nos.  290  and  460.  Sometimes  old  scrap  tie- 
plates  were  used  for  stool  protection,  and  the  shape  of  the  plate  was  still 
discernible  in  the  rail  section.  No.  522  is  a  sample  of  this  kind,  though 
*other  cases  occurred  at  this  same  mill  in  which  the  shape  of  the  plate 
was  much  more  distinct.  These  discoveries  brought  about  the  discontinu- 
ance of  the  practice.  Sheet  No.  17  shows  a  good  many  failures  due  to 
this  cause. 

A  very  bad  case  of  segregation  with  unusually  high  carbon  and  phos- 
phorus for  Bessemer  rail  is  given  by  No.  293,  a  "C"  rail  which  lasted  a 
year  and  a  half.  As  a  consequence,  the  brittleness  and  hardness  are 
excessive. 

Another  extremely  bad  case  of  segregation,  brittleness  and  hardness 
is  No.  388,  which  fortunately  never  got  into  service,  because  it  was  dis- 
covered by  the  trackmen  before  laying.  It  is  rather  unusual  to  have  such 
a  bad  case  of  segregation  in  a  "D"  rail,  but  slag  to  the  amount  of  3  per 
cent,  was  also  present,  having  been  suggested  by  the  high  silicon  in  the 
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web.  Being  so  low  down,  one  is  led  to  believe  that  it  is  a  case  of  the 
spiegel  iron  not  having  been  given  sufficient  time  to  mix  properly,  a  fault 
which  seems  to  have  been  too  common  in  some  of  the  mills  in  the  past, 
if  not  at  present.  An  effort  was  made  to  rush  the  process  and  increase 
the  tonnage  at  the  expense  of  quality. 

Sometimes  brittleness  and  hardness  are  found  unaccompanied  by 
segregation,  as  in  the  cases  of  Nos.  399  and  466.  The  latter  case  seems 
to  have  been  due  to  very  high  carbon  and  manganese  uniformly  dis- 
tributed. 

No.  384  is  a  case  of  "pipe"  rather  than  "split  head." 

The  results  of  the  examination  of  so  many  "split  head"  rails  seem 
to  show  that  they  are  nearly  always  found  in  segregated  rails  having 
hard,  unsound  metal  in  the  interior  and  softer  metal  at  the  surface.  The 
flow  of  the  softer  metal  develops  a  split  in  the  harder  unsound  and  less 
ductile  metal  in  the  interior  of  a  badly  segregated  rail,  resulting  in  a 
split  head.  The  remedy  seems  to  be  to  reduce  segregation  by  making 
sounder  and  more  homogeneous  ingots,  which  can  be  done  by  the  use 
of  a  sink  head,  as  advocated  by  Sir  Robert  Hadfield.t  Nos.  607  and  614 
show  what  even  soft  rails  will  stand,  if  the  metal  is  fairly  sound  and 
homogeneous. 

Plates  Nos.  3  and  4  show  at  a  glance  that  in  this  type  of  failure  the 
phosphorus  is  nearly  always  above  the  limit  of  0.10  per  cent.  In  Bes- 
semer rail  steel  as  now  made,  it  is  very  difficult  to  keep  it  below  that 
limit.  In  the  case  of  the  "P.S."  failures,  the  life  of  service  has  only  been 
from  1  to  3  years,  while  the  "P.R.R."  section  rails  were  in  the  track  12  to 
14  years,  and  even  as  high  as  17  years  in  one  case,  before  failure,  while 
the  phosphorus  percentage  was  generally  much  above  the  0. 10  per  cent, 
limit.  High  phosphorus,  therefore,  is  only  one  of  the  contributing  causes 
of   "split   heads." 

The  "tensile  strength"  was  about  110,000  lbs.  per  square  inch  in  the 
general  run.  It  was  rather  more  than  this  in  the  case  of  the  "broken 
rails."  Great  irregularity,  however,  is  noticeable  in  the  ductility  as  in- 
dicated by  the  "elongation"  percentage,  showing  that  the  material  was 
quite  erratic  in  its  quality.  If  12  per  cent,  indicates  a  measure  of  ductil- 
ity below  which  it  is  not  desirable  to  go,  then  brittleness  of  material  was 
quite  prevalent. 

A  reasonable  index  figure  for  the  hardness  of  Bessemer  steel  made 
according  to  these  specifications,  as  determined  by  the  Brinell  method,  is 
between  205  and  225,  and  it  will  be  noticed  that  the  225  was  exceeded  in 
many  cases.  The  same  is  also  true  of  the  "broken"  P.S.  rails  (Plates  1 
and  2).  It  is  not  so,  however,  with  the  P.R.R.  and  A.S.C.E.  rails,  as  they 
were  made  with  somewhat  lower  carbon  limits. 

The  shaded  portions  of  the  upright  blocks  representing  rails  in  the 
diagrams  give  the  amount  of  carbon  and  manganese  in  the  ingot,  as  ob- 
tained by  the  analyses  of  the  test  ingot  taken  during  the  teeming  opera- 
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tion,  while  the  full  height  of  the  blocks  shows  the  amounts  as  deter- 
mined by  the  analyses  of  the  rails  when  sent  in  to  the  laboratory.  The 
wide  differences  between  the  two  in  the  cases  of  "broken"  and  "split 
head"  rails  is  very  apparent,  which  illustrates  very  irregular  and  badly 
segregated  material.  This  difference  is  not  nearly  so  marked  in  the 
case  of  the  "worn  out"  rails,  Plate  6.  The  ductility  of  these  latter,  and 
also  of  the  "broken  bases"  in  Plate  5,  as  indicated  by  the  "elongation" 
percentage,  is  also  more  uniform,  bearing  in  mind  that  Nos.  643  to  654 
(no  illustrations)   are  of  Open-Hearth  steel. 

BROKEN  BASES. 

An  inspection  of  sheet  No.  16  shows  clearly  that  the  material  was 
generally  of  fair  quality,  but  that  the  roadbed  was  frozen  in  nearly  all 
cases,  indicating  that  the  base  was  too  weak  to  withstand  the  additional 
severity  of  conditions.  In  several  cases,  however,  rolling  seams  were 
evident,  and  sometimes  the  material  was  hard,  and  occasionally  some- 
what brittle  and  segregated,  although  the  ductility  was  above  12  per  cent. 
(Plate  5).  No.  505  is  a  sample  of  good  material  without  the  disclosure 
of  any  defects  by  the  chemical  or  physical  examinations.  The  deep  etch- 
ing is  especially  noteworthy.  Although  of  85-lb.  weight,  it  is  of  P.S.  sec- 
tion with  the  heavy  base. 

Photomicrograph  No.  18  serves  to  show  this  serious  defect  in  manu- 
facture, that  of  the  rolling  seam.  When  present  in  the  base,  it  has 
been  considered  as  the  prime  cause  for  broken  rail  bases  which  have 
been  very  numerous  in  the  product  from  some  mills.  Special  studies 
of  seams  in  rail  bases  have  been  made  by  Messrs.  Jas.  E.  Howard,*  Engi- 
neer-Physicist of  the  Interstate  Commerce  Commission;  M.  H.  Wick- 
horst.t  Engineer  of  Tests  for  the  Rail  Committee  of  the  American  Rail- 
way Engineering  Association,  and  H.  B.  MacFarland,$  Engineer  of  Tests, 
Atchison,  Topeka  &  Santa  Fe  Railway  System. 

Mr.  WickhorstS  made  "an  investigation  concerning  the  influence  on 
the  finished  rail  of  the  amount  of  draft  in  rolling  the  ingot  into  a  bloom, 
and  particularly  with  reference  to  the  transverse  ductility  of  the  base 
and  the  presence  of  seams.  Five  companion  ingots  of  one  heat  of  titan- 
ium-treated open-hearth  steel  were  used  and  all  handled  in  the  same  way. 
except  that  the  draft  used  in  making  the  bloom  from  the  ingot  was  varied 
from  about  3  inches  per  pass  in  the  initial  passes  down  to  about  0.4  inch 
per  pass  in  the  early  passes  as  the  smallest  rate  of  reduction  used.     These 
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ingots  were  rolled  into  rails  and  in  addition  another  companion  ingot 
of  the  same  heat  was  cooled  and  split  open  to  note  its  interior  condition 
as  regards  cavities  and  to  make   a  chemical   survey. 

"To  sum  up,  it  may  be  said  that  rails  made  with  initial  drafts  in 
blooming  of  3  inches  and  1.5  inches  contained  a  larger  number  and  deeper 
seams  in  the  base  than  those  made  with  0.8  inch  or  less  of  initial  draft. 
This  resulted  in  poorer  results  in  the  drop  tests  and  transverse  tests  of 
the  base  in  the  rails  made  with  the  heavier  drafts.  These  results  could 
be  considered  only  as  indicative  and  final  conclusions  should  be  withheld 
until  sufficient  work  along  this  line  has  been  done  to  warrant  them." 

Mr.  Wickhorst  also  took  a  cold  ingot  with  a  badly  cracked  surface, 
and  lightly  skinned  off  the  four  sides  in  a  planer  to  show  the  condition 
of  the  surfaces.!.  "The  cracks  in  the  top  and  bottom  sides  of  the  ingot 
as  it  first  entered  the  rolls  (after  reheating)  did  not  open  up  and  finally 
disappeared  as  far  as  could  be  determined  by  the  appearance  of  the  sur- 
faces of  the  blooms  and  rails  after  pickling  in  sulphuric  acid,"  but  "the 
cracks  on  the  right  and  left  sides  of  the  ingot  as  it  first  entered  the 
blooming  rolls  opened  up  or  yawned  open,  forming  double  Ys,  one  inside 
the  other,"  and  resulted  in  seams  in  the  rails. 

Mr.  MacFarland  found  thatt  the  base  failures  which  precede  the 
ultimate  failure  of  about  90  per  cent,  of  the  square  and  angular  breaks 
are  developed  along  the  seams  in  the  center  of  the  base."  He  believes 
that  these  "laminations  in  the  base  of  the  rails  are  due  to  the  flowing  of 
the  metal  when  it  is  being  reduced  in  passing  through  the  rolls;  the  tem- 
perature being  too  low  for  the  given  pressure  to  form  a  solid  molecular 
bond  at  the  laminations."'  These  conclusions  seem  to  be  confirmed  by 
Mr.  Wickborst's  investigations,  and  Mr.  McFarland  also  found§  a  reduc- 
tion in  the  tensile  strength  of  the  material  due  to  the  cracks. 

The  bad  effect  of  rolling  seams  is  therefore  very  apparent,  and  ap- 
pears to  point  to  lighter  initial  reductions  in  blooming  as  one  of  the  neces- 
sary improvements  in  rail  rolling,  and  that  was  advocated  at  some  length 
by  Dr.  J.  Puppe  of  Breslau.ll  in  his  paper  on  the  "Rolling  Mill  Practice 
in  the  United  States,"  presented  to  the  meeting  of  the  Iron  and  Steel  In- 
stitute of  Great  Britain  and  Leeds,  England,  on  October  1,  1912.  The 
number  of  failures  of  this  kind  is  much  greater  with  the  product  from 
some    mills   than    others. 

RAILS  WORN  OUT  IN  SERVICE. 

The  fewer  number  of  defects  in  the  material  of  these  rails,  shown 
on  sheets  Nos.  18  and  19  (and  the  same  is  true  of  sheet  Xo.  1),  than  on 
the   sheets   of   failures   previously   studied,   are    markedly   noticeable.      As 
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they  were  located  on  sharp  curves,  of  course  the  duration  of  service  was 
short. 

The  same  qualities  are  shown  graphically  by  Plate  6.  The  phos- 
phorus was  generally  below  the  o.io  per  cent,  limit,  and  the  agreement 
between  ingot  and  rail  analysis  is  better  than  in  the  cases  of  "broken" 
and  "split  head"  rails.  The  ductility  was  fairly  uniform,  and  the  "hard- 
ness" index  in  the  neighborhood  of  200  for  Bessemer  rail  and  250  for 
Opean-Hearth  rail. 

The  photomicrograph  of  No.  633  is  rather  interesting  on  account  of 
showing  an  unusually  fine  grain  in  the  head.  It  is  believed  that  these 
rails  were  rolled  at  a  lower  temperature  than  usual.  The  etchings  show 
the  segregation.     No.  638  has  also  a  fine  grain  in  the  head. 

The  different  appearance  of  the  grain  with  the  higher  carbon  of  the 
Open-Hearth  rail  from  that  of  Bessemer  steel  is  shown  by  the  photo- 
micrographs of  No.  651.    Brittle  cementite  structure  is  shown  by  No.  653. 

SUMMARY. 

The  object  of  the  examination  of  "broken"  and  "defective"  rails  was 
to  compare  their  chemical  and  physical  characteristics  with  those  which 
had  given  comparatively  long  service,  and  those  which  were  worn  out  in 
service  in  the  main  tracks  without  failure,  in  order  to  determine  the 
causes  of  failure,  and.  with  that  knowledge,  determine  as  far 
as  practicable  some  of  the  improvements  which  should  be  made  in  rail 
manufacture.  It  is  idle  to  point  out,  in  an  attempt  to  controvert  the 
necessity  for  such  improvement,  that  the  maintenance  of  tracks  is  far  from 
perfect,  and  that  there  would  not  be  so  many  failures  with  more  per- 
fectly maintained  line  and  surface,  and  more  even  bearing  on  the  ties. 
All  this  is  granted  to  a  limited  degree,  but  the  service  to  be  exacted  of  a 
rail  is  intended  to  be  severe  from  its  very  nature,  and  it  cannot  be  cod- 
dled and  treated  with  so  much  consideration.  The  railway  companies  de- 
sire to  have  material  which  will  endure  severe  punishment,  and  they  are 
not  yet  satisfied  that  it  cannot  be  obtained  with  proper  methods  of  manu- 
facture. This  study  reiterates  faults  which  have  been  previously  pointed 
out  in  other  studies,  and  suggests  remedies. 

The  broken  rails  studied  show  that  the  number  of  breakages  has 
been  increased  by  the  condition  of  the  roadbed,  and  of  the  joint,  but 
such  fractures  are  nearly  always  accompanied  by  defective  condition  of 
the  metal.  This  is  usually  found  to  be  hard,  and  generally  accompanied 
by  brittleness  or  segregation,  more  or  less  accentuated,  or  both.  Other 
defects  are  also  found,  such  as  rolling  seams  and  the  presence  of  slag  or 
foreign  soft  steel.  The  comparative  absence  of  these  defects,  or  their 
greatly  reduced  number,  in  the  rails  which  have  not  failed  in  service, 
proves  the  necessity  for  their  elimination,  whether  or  not  the  material  is 
being  taxed  rather  closely  to  the  limit  of  its  strength.  That  is  another 
problem.  Defects  should  not  be  covered  up  by  excess  quantity  of  poor 
material. 
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"Defective  heads"  are  nearly  always  accompanied  by  a  poor  quality  of 
metal,  and  the  segregation  of  the  elements  carbon  and  phosphorus  is  for 
the  most  part  responsible  for  the  trouble.  Brittleness  and  hardness  nearly 
always  follow  along  in  the  train  of  segregation,  and  the  sulphur  is  in 
many  cases   found  to  be   rather  higher  than  the  average. 

It  would  appear  that  the  removal  of  slag  could  be  accomplished  by 
better  care  in  tapping  the  furnace  stack,  and  pouring  from  the  ladles,  plenty 
of  time  having  been  allowed  for  it  to  come  to  the  surface  in  each 
operation. 

It  should  be  no  more  than  necessary  to  call  attention  to  the  defective 
heads  with  pieces  of  old  tie-plates  and  other  scrap  material  in  them 
to  put  a  stop  to  the  practice  of  using  that  method  for  protecting  the  stool 
of  the  ingot  mould  from  cutting,  yet  instances  of  this  have  been  found 
in  rails  rolled  since  1909,  when  such  complaint  was  first  made. 

As  the  percentage  of  phosphorus  is  nearly  always  above  the  limit 
of  0.10  in  cases  of  "split  head,"  the  use  of  Open-Hearth  steel  will  tend 
to  control  the  evil  effects  of  that  element,  but  it  is  worthy  of  note  that 
in  the  "long  service"  and  "worn  out"  rails  it  is  lower. 

The  segregation  of  the  elements,  however,  seems  to  be  responsible 
in  a  large  measure  for  broken  and  defective  rails,  and  its  control  is, 
therefore,  extremely  desirable.  This  seems  to  be  possible  by  the  use  of 
the  "sink-head"  for  making  sounder  ingots,  and  more  careful  teeming, 
plenty  of  time  having  been  given  to  allow  the  chemical  reactions  to  take 
place.     One  mill  has  already  used  this  method  with  good  results. 

The  sources  of  trouble  are  not  ended  with  the  production  of  a  sound 
ingot.  Greater  care  should  be  exercised  in  blooming  and  rolling,  and 
improved  methods  should  be  introduced.  Previous  studies  indicate  that 
the  large  and  heavy  reduction  in  the  blooming  rolls  is  injurious  to  the 
finished  product,  as  it  initiates  the  cracks  which  result  later  on  in  seams, 
which  have  been  responsible  for  many  failures,  especially  broken  bases. 
The  remedy  seems  to  be  lighter  reductions.  Base  breakages  have  been 
practically  eliminated  by  the  heavy  base  of  the  100-lb.  P.S.  section, 
but  that  is  not  the  correct  way  to  remove  the  defect,  which  still  exists  in 
the  case  of  the  85-lb.  P.S.  section,  which  has  a  heavier  base  than  was 
customary  in  former  practice.  These  heavier  bases  were  introduced 
primarily  to  make  the  rolling  conditions  better  by  equalizing  more  nearly 
the  areas  of  metal  in  head  and  base.  The  rails  come  out  straighter  on  the 
cooling  beds,  and  thus  the  amount  of  "gagging"  has  been  reduced. 

These  cases  of  long  service  rails  and  rails  worn  out  in  the  tracks 
seem  to  show  that  high  carbon  is  not  the  only  consideration  for  more 
durable  material,  as  rails  with  low  carbon  have  lasted  longer  under  the 
same  conditions  than  rails  with  higher  carbon,  though  this  is  by  no 
means  always  the  case.  The  temperature  of  rolling  is  undoubtedly  a 
very  strong  if  not  the  strongest  factor  in  producing  homogeneous  and 
durable   material. 


Appendix  A. 

METHOD   OF  MAKING   ETCHINGS. 

The  method  adopted  by  the  Pennsylvania  Railroad  Company  at  its 
Laboratory  at  Altoona,  Pa.,  for  making  the  etchings  for  these  studies  of 
rail  failures,   is   described  in   the   following  paragraphs : 

"In  making  the  deep  etchings,  a  J^-inch  section  of  the  rail  is  cut 
off  and  polished  on  one  side.  This  is  immersed  in  a  solution  of  sul- 
phuric and  hydrochloric  acid  and  water  mixed  in  the  proportions  of  3, 
9  and  1.  The  solution  is  placed  in  a  shallow  dish  and  the  rail  section 
immersed  with  the  polished  face  down,  being  prevented  from  touching 
the  bottom  of  the  dish  by  small  glass  rods.  The  dish  is  then  placed  on 
a  hot  plate  and  the  etching  allowed  to  continue  until  the  rail  is  deeply 
marked  so  as  to  bring  out  any  defects  or  points  of  segregation,  this  process 
usually  taking  about  two  hours.  The  rail  section  is  then  removed  from 
the  solution,  washed  and  the  etched  surface  inked  and  impressions  made 
from  it  on  thin  paper  in  the  letter  press. 

"In  making  the  light  etchings,  a  ^4-inch  section  of  the  rail  is  cut 
off,  one  side  is  carefully  polished,  thoroughly  cleaned  with  alcohol  and 
then  etched  with  a  1  to  4  solution  of  nitric  acid  and  grain  alcohol.  This 
etching  solution  is  only  allowed  to  remain  on  the  polished  surface  long 
enough  to  bring  out  the  grain  structure  of  the  steel  and  is  then  washed 
off  and  the  rail  section  photographed." 
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Appendix    B. 

METHOD  OF  MAKING -DROP  AXD  IMPACT  TESTS. 

Form  M.  W.  34-F  (see  Xo.  607)  is  the  blank  on  which  the  results  of 
the  complete  Laboratory  investigation  of  each  rail,  with  the  exception  of 
the  etchings  and  photomicrographs,  are  reported,  and  one  accompanies 
each  rail  report. 

One  of  the  tests  provided  for  is  the  "drop  test"'  on  two  pieces,  one 
from  the  corner  of  the  head,  "D,"  and  the  other  from  the  web,  "E,"  in 
order  to  investigate  the  brittleness  of  the  material  under  shock.  It  is 
conducted  as   follows : 

"One  test  piece  measuring  3"  inch  square  by  18  inches  long  is 
taken  from  the  head  of  the  rail  at  location  'D'  and  another  test  piece  1 
inch  by  l/?  inch  by  18  inches  long  is  taken  from  location  'E.'  The 
general  arrangement  of  the  drop  test  machine  is  shown  in  Photograoh 
T-4380.  The  pieces  are  all  tested  on  a  12-inch  span.  In  making  the 
test  of  the  square  piece  'D'  the  face  is  placed  in  position  as  shown  in 
photograph  T-4380  and  is  given  one  blow  with  a  50-lb.  tup  from  a  height 
of  5  feet,  after  which  the  permanent  deflection  is  measured,  this  being 
entered  under  column  'Initial  Deflection'  on  M.  YV.  34-F.  Another  blow 
is  then  struck  on  the  same  side  of  the  piece  ;  it  is  then  turned  over  and  a 
third  and  fourth  blow  struck,  after  which  it  is  again  turned  and  the 
fifth  blow  struck,  all  from  a  height  of  5  feet.  Five  blows  are  then 
struck  from  a  height  of  10  feet,  the  piece  being  turned  after  every  second 
blow.  The  height  of  drop  is  then  increased  to  15  feet  and  the  piece 
turned  after  every  blow  until  failure  occurs.  The  item  'Accumulated  Ft. 
Lbs.'  is  calculated  from  the  weight  of  the  tup  and  number  and  height 
of  the  blows   struck. 

"The  test  piece  'E'  is  laid  on  the  supports  with  the  i-inch  surface 
horizontal  and  tested  in  the  same  way.  with  the  exception  that  the  blows 
are  started  from  a  height  of  3  feet,  striking  five  blows  from  this  height, 
then  five  blows  from  a  height  of  6  feet  and  finally  as  many  blows  as  are 
necessary  to  break   the  piece   from   a   height   of   10   feet." 

The  test  bears  quite  a  resemblance  to  the  Fremont  tests.*  which  had 
the  same  object  in  view,  the  investigation  of  the  brittleness  of  the  ma- 
terial. The  same  principle  of  shock  is  used,  and  the  weak  interior  of  the 
metal  is  exposed,  but  the  machine  used  is  different,  being  of  the  fly-wheel 
type,  with  an  energy  in  the  fly-wheel  of  1.500  kilogram-metres  (10.800 
foot-pounds). 

Fremont  proved  that  mild  steel  of  good  quality  which  had  been  ex- 
posed to  a  particular  detrimental  treatment  could  pass  satisfactorily  the 
usual  tension  tests  in  respect  of  strength  and  ductility,  but  was,  notwith- 
standing, so  brittle  or  fragile  that  it  would  break  under  a  single  blow. 

This  same  result  seems  to  have  been  attained  in  some  of  the  tests  of 
rails  at  the  Altoona  Laboratory.  Xo.  452  being  an  example  of  that  kind. 


*Le  Genie  Civil.  Tome  LIX— Xos.  1,  ?.,  3  and  4,  May  6,  13,  20  and  27, 
1911.  Nouvelle  Methode  d'Essai  des  Rails — Ch.  Fremont.  Reviewed  in  "The 
Engineer"    (London).   November  10.   1911,   p.  478. 

625 


626 


RAIL. 


T^380 


Fig.  T-4380.     "Low"  Drop  Machine. 
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This  rail  showed  a  tensile  strength  of  119,100  lbs.  per  square  inch,  an 
elastic  limit  of  66,600  lbs.  per  square  inch,  an  elongation  of  18  per  cent. 
in  2  inches,  and  a  reduction  of  area  of  28.6  per  cent,  of  original  section, 
but  the  drop  test  on  the  test  piece  from  the  head  gave  only  1,750  accumu- 
lated foot-pounds,  a  low  figure,  when  it  is  realized  that  good  material 
shows  40,000  to  50,000  accumulated  foot-pounds.  The  Brinell  hardness, 
moreover,  is  considerably  above  the  average.  The  same  degree  of  fragil- 
ity did  not  appear  in  the  web,  although  the  Brinell  hardness  was  even 
greater  than  in  the  head. 

"In  making  the  impact  test,  a  Landgraf-Turner  machine  is  used,  such 
as  is  shown  in  photograph  T-4379.  The  test  pieces  are  3^-inch  in  diame- 
ter by  8  inches  long  and  are  taken  from  the  base  of  the  rail,  locations  'G' 
and  *F,'  as  shown  on  M.  W.  34-F.  One  end  of  the  test  piece  is  clamped 
in  the  vise  of  the  machine  at  'A'  (see  photograph  T-4379),  the  other  end 
extends  up  through  a  slot  ^-inch  wide  by  11/16-inch  long  in  the  vibrat- 
ing hammer  'B;'  the  hammer  'B'  strikes  the  piece  at  a  point  4  inches  above 
the  top  of  the  vise  A.'  The  hammer  has  a  swing  of  17/32-inch  out  of 
the  vertical  position  and  the  test  piece  is  vibrated  3^-inch  from  the  vertical 
at  the  point  of  impact,  which  is  sufficient  to  exceed  the  elastic  limit  of 
the  material.  The  machine  runs  at  about  the  rate  of  200  double  vibra- 
tions per  minute  and  a  record  of  the  number  of  vibrations  to  cause  break- 
age is  obtained  by  means  of  the  counter  'C,'  which  is  automatically  stopped 
when  the  piece  breaks.  After  one  end  of  the  test  piece  has  broken,  the 
other  end  is  inserted  in  the  vise  and  clamped  and  the  test  repeated  as 
before,  the  results  of  the  four  tests  being  averaged  and  recorded  in  the 
report." 
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Fig.  T-4379.     Landgraf-Turner  Alternating  Impact  Machine. 


Sheets 
Plates  and 
Figures 
Illustrating  the  Text 
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Fig.  6A.     Fracture  of  "Broken"  Rail  6. 


Fig.  6B.     Deep  Etching  of  Rail  6. 
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Fig    6C.     Light  Etching  of  Rail  6. 


Fig.  6D.     M'icrophotographs  of  Rail  6,  Magnified  65  Diameters.     Loca- 
tions A  and  B  on  Fig.  6C. 
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Fig.  8A.     Fracture  of  "Broken"  Rail  8. 


8    ^Lr*Se@^^ 


Fig.  8B.     Deep  Etching  of  Rail  8. 
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Fig.  8C.     Light  Etching  of  Rail  8. 


Fig.  8D.     Micro-photographs  of  Rail  8,  Magnified  65  Diameters.    Loca- 
tions A  and  B  of  Fig.  8C. 
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Fig.  qA.     Fracture  of  Broken  Rail  9. 


Fig.  9B.     Deep  Etching  of  Rail  9. 
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Fig.  9C.    Light  Etching  of  Rail  9. 


Fig.  9D.    Microphotographs  of  Rail  9,  Magnified  65  Diameters.    Loca- 
tions A  and  B  on  Fig.  gC. 
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Fig.   ioA.     Fracture  of  Broken  Rail  io. 


Fig.  ioB.     Deep  Etching  of  Rail  io. 
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Fig.  ioC.    Light  Etching  of  Rail  io. 


Fig.  ioD.    Microphotographs  op  Rail  io,  Magnified  65  Diameters.    Lo- 
cations A  and  B  of  Fig.  ioC. 
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Fig.  15A.     Collection  of  Pieces  of  Rail  15. 


Fig.  16B.     Deep  Etching  of  Rail  15. 
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Fig.  15C.     Light  Etching  of  Rail  15. 


Fig.    15D.      Microphotographs    of    Rail    15,    Magnified    65    Diameters. 
Locations  A  and  B  on  Fig.  15C. 
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Fig.  18A.    Fracture  of  "Broken"  Rail  18. 


Fig.  18B.    Deep  Etching  of  Rail 
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Fig.  18C.    Light  Etching  of  Rail  18. 


Fig.    18D.      Microphotographs    of    Rail    18,    Magnified    65    Diameters. 
Locations  A  and  B  on  Fig.  18C. 
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Fig.  5  i  A.    Collection  of  Pieces  of  Rail  51. 
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Fig.  51B.     Showing  Flaw  in  Web  of  Rail  51,  Dark  Portion  Showing 

Old  Crack. 
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Fig.   51C.     Another  View   Showing   Flaw   in    Wee  of  Rail  51,   Dark 
Portion   Showing  Old  Crack. 
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Fig.  51D.     Showing  Cracks  in   Head  of  Rail  51,  the  Light   Portion- 
in  Top  Showing  Fresh  Breaks. 


SOME  OF  THE  CAUSES  OF  RAIL  FAILURES.  Gi3 


Fig.  51E.     Showing  Split  in  Head  and  Flaw  in  Web  of  Rail  51. 


Fig.  51F.     Another  View  of  Split  in  Head  of  Rail  51. 
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Fig.  51G.    Deep  Etching  of  Rail  51. 
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Fig.  51 H.    Light  Etching  of  Rail  51. 


Fig.    51I.      Micro-photographs    of    Rail    51,    Magnified    65    Diameters. 
Locations  A  and  B  on  Fig.  51H. 


646 


RAIL. 


IIOA 
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Broken"  Rail  iio. 


Fig.  iioB.    Deep  Etching  of  Rail  no 
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Fig.  iioC.     Light  Etching  of  Rail  iio. 


Fig.    iioD.     Micro-photographs  of   Rail    no,    Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  iioC. 
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Fig.  138A.     "Broken"  Rail  138. 


0*  v 


'■'■■'  "      'v       ■'■>      '     '  ' 


IV***; 


S'Si.'&L,.!&<L.fet>':"i  <si.iiij& 


Fig.  138B.    Deep  Etching  of  Rail  138. 


SOME 


OF  THE  CAUSES  OF  RAIL  FAILURES.  649 


Fig.  138C.    Light  Etching  of  Rail  138. 


Fig.   138D.     Microphotographs  of   Rail   138,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  138C. 
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Fig.  142A.     Broken  Rail  142. 


Fig.  142B.    Deep  Etching  of  Rail  142. 
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Fig.  142C.    Light  Etching  of  Rail  142. 


Fig.   142D.     Microphotographs  of  Rail   142,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  142C. 

A  and  B — Average  structure,  an  unusually  good  rail,  being  free  from 
segregation  and  other  defects. 
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Fig.  158A.    Rail  158,  Head  Broken  at  End. 
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Fig.  158B.    Deep  Etching  of  Rail  158. 
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Fig.  158C.     Light  Etching  of  Rail  158. 


Fig.   158D.     Micro-photographs   of  Rail    158,    Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  158C. 
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Fig.  196A.     Broken  Rail  i 
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Fig.  196B.    Deep  Etching  of  Rail  196. 
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Fig.  196C.     Light  Etching  of  Rail  196. 
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Fig.    196D.     Microphotographs   of   Rail   196,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  156C. 
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Fig.  213A.     Pieces  of  Rail  213. 
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Fig.  21 3B.     Deep  Etching  of  Rail  213. 
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Fig.  213C.    Light  Etching  of  Rail  213. 


Fig.  213D.     Micro-photographs   of  Rail  213,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  213C. 
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Fig.  287A.     Crushed  Head  of  Rail  287. 
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Fig.  287B.     Another  View  of  Crushed  Head  of  Rail  28; 


Fig.  287C.     Deep  Etching  of  Rail  287. 
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Fig.  287D.     Light  Etching  of  Rail  287. 
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Fig.    287E.     Microphotographs   of   Rail  287.   Magnified   65    Diameters. 
Locations  A  and  B  ox  Fig.  287D. 
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Fig.  290A.    View  of  End  of  "Crushed"  Head  Rail  2co. 


Fig.  290B.    Deep  Etching  of  Rail  290. 
View  showing  scrap  tie-plate  in  the  head. 
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Fig.  290C.     Light  Etching  of  Rail  290. 
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Fig.   290D.     Microphotographs   of  Rail  290,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  290C. 
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Fig.  291  A.     Showing  Split  in  Crushed  Head  of  Rail  291. 


Fig.  291 B.     Deep  Etching  of  Rail  291. 


SOME  OF  THE  CAUSES  OF  RAIL  FAILURES.  663 


S 


, 


Fig.  291C.    Light  Etching  of  Rail  291. 


Fig.   291D.    Micro-photographs   of   Rail   291,   Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  291 C. 
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Fig.  292A.     Showing  Split  in  Crushed  Head  of  Rail  292. 
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Fig.  292B.    Deep  Etching  of  Rail  292. 
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Fig.  292C.     Light  Etchixg  of  Rail  292. 


Fig.   292D.     Micro-photographs  of   Rail  292,    Magnified  65    Diameters 
Locations  A  and  B  on  Fig.  292C. 
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Recoil  No, 


694. 


H.  W.  34 F 


Pennsylvania  Railroad  Company 


P..  B.  &  W.  R.  R.  N.  0.  RY.  W.  J  .4  S    R.  R. 

LABORATORY  REPORT 

CHEMICAL.   AND   PHYSICAL   EXAMINATION   OF   RAIL  AND  OTHER    TRACK   MATERIAL 

Referred  to  in      1«*t«f  W.C.Cushlng  to  J.T.ffallli,  dated  Karon  18,   1912. 


Laboratory  no   2B617-19.  Sample  Rep,e5ents  rail  which  failed  1648  ft.  west  of  M.P. 

156,   Logansport  Division,  2-20-12.    (85-lb.   rail,  P.S.   Section,  Mar.li.T  4-09, 
Heat  Ho.    76).     Laid  Aug.   1910 

Place  and  Date  Altoona,    Pa.,    August    13,igl2. 


CHEMICAL  ANALYSIS 

PHYSICAL  TESTS 

locfit.on 

c. 

Mn. 

p 

Si. 

s 

OS 

J3, 

EUm,T 

ti. 

oJj 

\~.ts°.[ 

CMmur 

r."/;;;. 

L.>  P..  5.  1, 

FrttUn 

Head 

.76 

1.11 

.116 

.061 

.042 

L-3/8 

112050 

61995 

3Kot« 

1.01 

0 

W.b 

.98 

1.20 

.170 

.071 

.060 

.76 

1.13 

.115 

.061 

.054 

A».,a„o 

.84 

1.15 

.134 

.064 

.052 

Analysis 

.46 

.96 

DROP   TEST       SUPPORTS   12"  APART       WEIGHT   OF  TUP,   50   LBS. 

'  Tost. 

Double 

Test  Piece  at  "D"  W *W 

Test  Puce  at  "E"  i"xl" 

Blows  at 
5  Ft. 

Blows  at 

Blows., 

Deflec 

Ft.  lbs 

Blows  at 
J  Ft. 

Blow,  at 
6  Ft. 

10  Ft. 

Dollec 

Ft   lbs 

1 

- 

- 

- 

250 

5 

6 

14 

1-1/8" 

9250 

727 

Location 

1 

2 

3 

4 

5 

6 

7        pterage 

|| 

Br.n.ll 

249 

269 

268  1 

313 1 310 

256 

281 | 277 

lz 

Sc'.rtvcnp, 

43 

41 

41 1 

38 1    37 

37 

43  |    40 

Rote:     One  pleoe  broke  outside  of  punoh  rark. 

Carbon  Is  Tery  high.     Phosphorus  Is  high.     The  rail   lo  badly  segre- 
gated.    Brinell  hardness   is   irregular  with  a  very  high  average.     Tonsils  and 
drop  tests   indicate  brittle  material.     The  otohing  tests   indioata  that  fail- 
ure was  duo  to  a  split  head,  a  natural  result  of  the  conditions  found. 

2.93 
Test  Dept.   No.   799. 
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Fig.  293A.     Showing  Split  in  Crushed  Head  of  Rail  203. 


Fig.  29.3B.     Deep  Etching  of  Rail  293. 
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Fig.  293C.    Light  Etching  of  Rail  293. 
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Fig.  293D.     Microphotographs  of  Rail  293,   Magnified  65   Diameters. 
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302  A 


Fig.  302A.     Showing  "Flow  of  Metal"  of  Rail  302. 
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Fig.  302B.     Deep  Etching  of  Rail  302. 
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Fig.  302C.     Light  Etching  of  Rail  302. 


Fig.   302D.     Micro-photographs  of   Rail   302,    Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  302D. 
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Fig.  309A.     Showing  Split  in  Head  of  Rail  309.  which  Failed  due  to 
"Flow  of  Metal/' 


Fig.  309B.    Deep  Etching  of  Rail  309. 
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Fig.  309B.     Light  Etching  of  Rail  309. 


Fig.  309C.     Microphotographs   of  Rail  309,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  309C. 
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V3I1- 


Fig.  314A.    "Split  Head"  Rail  314. 


Fig.  314B.     Deep  Etching  of  Rail  314. 
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Fig.  314C.     Light  Etching  of  Rail  314. 


Fig.    314D.     Mickophotographs   of   Rail  314,    Magnified   65    Diameters. 
Locations  A  and  B  on  Fig.  3*4C. 
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Fig.  329A.    "Split  Mead''  Rail  329- 


Fig.  329B.    Deep  Etching  of  Rail  329. 
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Fig.  32gC.     Light  Etching  of  Rail  329. 


Fig.   329D.     Microphotographs  of   Rail  329,    Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  329C. 
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368/1 


Fig.  368A.     "Split  Head"  Rail  368. 


Fig.  368B.     Deep  Etching  of  Rail  368. 
View  showing  scrap  tie-plate  in  the  head. 
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Fig.  358D.     Light  Etching  of  Rail  368. 


Fig.   368D.     Micro-photographs   of  Rail  368,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  368C. 
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Fig.  370A.     "Split  Head"  Rail  370. 


3y0ji-^: 


Fig.  370B.     Deep  Etching  of  Rail  370. 
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Fig.  370C.     Light  Etching  of  Rail  370. 


Fig.   370D.     Microphotographs   of   Rail   370,    Magnified  65   Diameters. 
Locations  A  and  B  on  F.g.  370C. 
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Fig.  384A.     "Split  Head  Rail  384. 


Fig.  384B.    Deep  Etching  of  Rail  384. 


682 


RAIL. 


o 

8 


o 


3 


34- C 


^f- 


Fig.  384C.    Light  Etching  of  Rati.  384. 


Fig.   384D.     Microphotographs   of    Rah.   384,    Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  384C. 
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Report  No 


153. 


U.  W    34  F 


.   IL'H       COP,,. 


Pennsylvania  Railroad  Company 

P  .  B.  i  W.  P    R.  N.  C    RY  w    J    i.  S   R    R.  Q  D  O 

LABORATORY  REPORT 

CHEMICAL   AND   PHYSICAL  EXAMINATION   OF   RAIL  AND  OTHER   TRACK   MATERIAL 

Reie.red  lo  ,n     lettor     S  .C  .Cuehlag  to  A.W.Olbba,   dated  Deoember  10,    1910. 


Laboratory  No  .17498-500.  Sample  Rep,e5en,s  85-lb.  rail,   P.3.3ootlon,  Carnegie  ST 

11-09,  Heat  6608-D,  not   In  track.     Loganaport  division. 


Place  . 

•  1   Date 

Altoona,   Pa.,  r.aroh  6th,  1911 

CHEMICAL  ANALYSIS 

PHYSICAL  TESTS 

Local.on 

C. 

Mn. 

p 

Si 

s 

D'-i'leil 

':  - 

uST 

Q*',"V£ 

c„„lt„. 

'::-■:' 

Bo-.ngs 

-. ,,..... 

H.ao 

.54 

-L-.16 
1.24 

^oari 

__«122 

.036 

1-3/8 

101400 

7477 

i  3.2! 

.778 

Oras 

Wsb 

.69 
•66 

.128 

.346 

.048 





B» 

1.16 

_lQ9£ 

.113 

.034 

Av.,.„. 

An"',,,. 

.50 

1.04 

DROP  TEST.      SUPPORTS   12"  APART.     WEIGHT  OF  TUP,  50  LBS. 

Test. 
No.  of 

Dcub'a 

Test  Piece  at  "D'    j?"«5?' 

Test  Piece  at  "E''  \'*V 

5  Ft 

Bios  at 
10  Fl. 

B'o.-  a, 
15  Ft. 

D.f   07 

Fl.  lbs. 

Bo*s  at 
3F|. 

B  7-1  al 
6F|. 

B10-S  al 
10  Fl. 

Oel:ec. 

Fl.  lbs. 

3 

1/2 

760 

Rota 

614 

Locaiion 

•■ 

2            3 

4.             5. 

6.           7.       Iterift 

|| 

B.-noM 

JOkl 

,   ?faI     SrJ  Hot. 

3fltl 

^23fil    2621  2fa2 

.2 

Sce-on-p.     J         „ 

Sll       2,1     "     1     "     1      30l       3C-     31 

Kote:-  Split  web. 

It  will  bo  not  load  that  the  oarbon  and  manganoso  are  rather  high,   and 
naoh  higher  In  the  web,    Indicating  either  excessive  segregation  or  failure 
of  the  splegel  Iron  to  beoone  mixed,   or  some  other  abnormal  conditions.  The 
high  silicon  In  the  web  suggested  the  presence  of  slag.     The  fine  portion  of 
the  drllllnga  taken  from  this  point  were  found  to  contain  over  3  per  oent. 
of  insoluble  material  corresponding  to  Beeeemer  slag.     It  Is  not  strange 
that   the  rail  failed  In  servloe.  38fl 

Teat  Dept.  Ho.  59. 
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Fig.  388A. 


Fig.  388A.     Deep  Etching  of  Rail  388. 
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Fig.  388B.     Light  Etching  of  Rail 


Fig.   388C.     M'icrophotographs   of    Rail  388,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  388B. 
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Fig.  395A.     "Split  Head"  Rail  395. 


Fig.  395B.    Deep  Etching  of  Kail  395. 
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Fig.  395C.     Light  Etching  of  Rail  395. 


Frc.   395D.     MiCROPHOTOGRAPHS   of   Rail   3<;5,    Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  395C. 
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Fig.  399A.     "Split  Head"  Rail  399. 


Fig.  399B.     Deep  Etching  of  Rail  399. 
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Fig.  399C.    Light  Etching  of  Rail  359. 


Fig.   399D.     Micro-photographs   of  Rail  399,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  399C. 
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Fig.  441  A.     "Split  Head"  Rah.  441. 


Fig.  441  F>.     Deep  Etching  of  Rail  441. 
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Fig.  441C.     Light  Etching  of  Rail  441. 


Fig.  441D.     Microphotographs   of   Rah.   441.   Magnified  65   Diameters. 
Locations  A  axi>  B  on  Fig.  441 C. 
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Coctlon  rVo. 


e 


45a 

Pennsylvania  Lines 

West  of  Pittsburgh. 

PlttflBUTga        DIVISION  BRANCH. 

Report  ol    RAIL    FAILURES    In    Main   Tracks. 


432 


Hj  VV    34  A. 


117 


Date  of  Report  Fob.    1.9J>hjl,....I9lJLi 


Weight  per  yard,  NevAOOlbs    Re-rolled lbs 

Rail  Section? A?A~A 

Brand  on  Rail?  ro-  .„  b,c.>  Car .    09    ET3 

Kind  of  Steel?  (-!"..  b«k>..  Be  ••«»•? 

Heat  No.  on  Rail?  fr  on  b«k)  Invisible 

Rail  No.  or  Letter?  < -r-  >a  b«k) ?? 

Original  Length  of  Rail? 33* 22. 

Month  and  year  Rail  was  laid?  April  ,,19Q9.    23- 
Location.1933     Feet    *Pit  of   Mile    Post  15. 

Which  Track'. .  f  3  .  Which  Rail' SOUth 25. 

On  Curve  or  Straight  Line'        Straight 2!. 

No.  of  Curve? - 27. 

Degree  of  Curve? 28 

High  or  Low  Rail,  if  on  Curve? 

Superelevation  of  Curve  at   "Break"? 3D. 

Was   Rail  "Broken"? or  "  Defective"  ?Y.6B     II. 

Or   Damaged? (Seo  "Deecriptioo  of  Pniiurcl"oD  back)         32. 

Condition  of  weather?   iw,i.  &„.  •«■  or  cold.  freeiini  or  ib.wii 
If  "Broken"  state  cause  of  break,  and  describe  any  flaws 


Was  Rail  much  or  little  worn? ...little l_ _ 

By  Whom  discovered? .8.90..,.  F0 19.5*11 

Date  and  time  found?    Feb.  10 8....3.CLAll... 

Was  Rail  removed? X.4.9..  ..Date  removed?. ftT"lQ. 

Exact  gauge  of  Track  at  "Break"?. .W. °Z 

Was  "Break"  over  or  between  Ties?  QV9.r 

Was  "Break"  square  or  angular? 

Distance  between  edges  of  Ties  at  "Break"?. .13... 
Condition  of  Ties  each  side  of  "Break"?.    Good 

Kind  of  Ties?..  0&k 

Were  Tie  Plates  used?MQ Kind? 

Condition  of  Line  and  Surface?     MOOd 

Kind  of  Ballast?. ..  LiPAOAtOM 

Was  Track   properly   ballasted?. ...*••. 

Kind  of  material  in  roadbed  under  ballast?  vlftJT 

Was  Track  well  drained? Yfl» 

Was  roadbed  frozen? YflB 


>d Freezing 

found  at  point  of  break  ... 


If  "Break"  was  at  Joint,  state  kind,  number  of  holes,  and  whether  it  was  full  bolted  or  insulated.. 


Were  any  bolts  at  joint  loose?  .HO. If  so,  how  many? 

Was  accident  or  detention  to  trains  caused  by  "Break"? If  so  state  circumstances 


If  "Defective",  describe  kind  and  location  of  flaws  or  defects,  and  if  possible,  what  caused  them      (See  'De»erip- 

cir.nure..-..b.ok,....B»nd...£lAT..ln....top..of..xall.-X.-*t-,.fro«  end  *  &%■.  loag. 


T-t" 


Draw  on  Diagram  lines  of  "Break",  or  partial  fracture,  such  as  long  pieces  from  side  of  head  and  half  fhoon 
pieces  from  base,  showing  dimensions.  Hollows  in  head  should  be  shown  on  "End  Section"  Defects  may 
also  be  indicated  on  diagram.  Mark  distance  from  end  to  "Break."  'If  "Break"  is  nearest  'Receiving  End" 
draw  pen  through  words  "Leaving  End;"  if  nearest  "Leaving  End,"  draw  pen  through  words  "Receiving 
End."  ("Rtfcn  to  tut  upon  »bieb  me  current  •  f  tr.fBc  l<  io  one  direction.)  Indicate  "Gauge  Side"  on  "Diagram"  below, 
by  drawing  pen  through  words  "Gauge  Side"  on  opposite  side 


1 


n   n   n   n 


452 


End  Section 


U^s^U    u    u    U    u    u 


If  "Damaged,"  describe  nature  and  cause  if  known      (See  "Description  of  r>«iiu 


.  jQhn.  Connor*, Foreman 


J.L.OvingtOB,       Supervisor. 


INSTRUCTIONS    AND    DESCRIPTION    OP    PAII.TOES    ON    BACK 
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261 


M.  W.  34  F. 


400.1     SxIOH    Copjioglna 


Pennsylvania  Railroad  Company 


,  b.  4  w.  a  a 


LABORATORY  REPORT 

CHEMICAL   AND   PHYSICAL   EXAMINATION   OF    RAIL  AND  OTHER   TRACK   MATERIAL 

rred  to  in  l8tt91"  ».C.Cushing  to  A.iV.Slbbs,   dated  Peb.   18,   1911. 


Laboratory  No      18643-5.  Sample  Represents  l^il   Which    failed    1932    ft.    west    Of   tl.P. 

16,   ?gh.  Dlv.,   2-10-11.    (100  lb.   rail,  A.K.A.Seo.   Carnegie  E.T.   3-09,   Heat  Ho. 
6719-BB.)      Laid  April,    1909. 

Place  and  Date  AltOOna,    Pa.,    toy    19,    19  11. 


CHEMICAL  ANALYSIS 

PHYSICAL  TESTS 

Location 

c. 

Mn. 

p 

Si. 

S. 

O-aj  Till 

I'Xl 

EL""' 

:.-.,.,- 

"".".'To?' 

C»...m. 

ztti. 

8or,r>0i 

La.  ...Sa  - 

F'"""" 

H„a 

.52 

0.95 

.084 

.066 

.037 

119100 

66600 

18 

28.6 

S£G 

MM 

.62 

1.00 
0.97 

.128 

.066 

.065 

8,,. 

.54 

.094 

.066 

.048 

Avoraoe 

.56 

0.97 

.102 

.066 

.050 

HHI 

DROP  TEST.      SUPPORTS    12"  APART       WEIGHT  OF  TUP,   50  LBS. 

Test. 

No  of 
Doub.'e 
Vibrat.ons 

Test  Piece  at  "D"  W"W 

Test  Piece  at  "E"  J'xl* 

Blo.s  at 
5  Ft 

8lo«s  at 
10  Ft. 

Bio.i  at 
IS  Ft. 

sr 

Ft.  IDS 

Blo.j  at 
3  Ft. 

Brool  at 
6  Ft. 

b:it 

Dative. 

Aceurn. 
Ft  lbs. 

5 

1 

9/16" 

1750 

5 

5 

37 

1-1/4' 

2C750 

649 

f5? 


Location 

1 

2 

3. 

4 

5 

6. 

7       Jtierage 

|| 

B'.oell 

241 

235  |238 

272 

249 

227 

238  1 243 

£z 

Sci.ro?  rop. 

21 

18  J   19 

21 

22 

IB 

18  |    19 

A  badly  segregated  rail.     The  deep  etching  test   shows  a  structure 
frequently  found   In  split   head  rails.     The  hardness   Is   Irregular  and  very 
high  at   point  4. 


Test  Dept.  No.   164. 
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Fi<;.  452 A.     "Split  Head"  Rail  452. 


$&-...** 


Fjg.  452B.     Deep  Etching  of  Rail  452. 
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Fig.  452C.     Light  Etching  of  Rail  452. 


Fig.   452D.     Microphotographs   of   Rail  452,   Magnified  65    Diameters. 
Locations  A  and  B  on  Fig.  452C. 
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Pennsylvania  Lines 


M.  W    3«  A. 


West  or  Pittsburgh.  164 

...k9S^*J^Tl DIVISION., BRANCH. 

Report  of    RAIL    PAILURE8    In    Main   Tracks. 
Section  No. .*.?  Date  or  Report  *Ug.    let^ 


454 


Weight  per  yard,  New .SXJbs.  Re-rolled lbs. 

Rail  Section? f  8CE __. _._._.. 

Brand  on  Rail?  CD-  ..  b.cW  J&9..M.  .4-16041 

Kind  of  Steel?  CE"..b.ck) B«« Better    

Heat  No.  on   Rail?  fr  ..  tack)..     i.nV.i  Bible  . 

Rail  No.  or  Letter?  ("F"  o.  tack) None  

Original  Length  of  Rail? 33.  feet 

Month  and  year  Rail  was  laid?...**ayj    .1^04  • 

Location SQO.Feet .  .f.M.tof   Mile    Post.   33 

Which  Track?.  Hp  .1  Which  Rail'     .SP.r.t.b.. 

On  Curve  or  Straight  Line?      Straight 

No.  of  Curve? _ 

Degree  of  Curve? 

High  or  Low  Rail,  if  on  Curve? 

Superelevation  of  Curve  at  "Break"? 

Was  Rail  "Broken"? or  "Defeetive"?XPl 

Or    Damaged? (Sec  "Description  of  F.iluro"  uu  b; 


Was  Rail  much  or  little  worn? *~9.~ 

By  Whom  discovered? ^P.rema?. 

Date  and  time  found* »Ul-L .?.?.«...*Wi  •  .. 

Was  Rail  removed? T.**  ...Date  removed?..?"*"** 

if    A** 
Exact  gauge  of  Track  at  "Break"?..*. "5 

Was  "Break"  over  or  between  Ties? 

Was  "Break"  square  or  angular? 

Distance  between  edges  of  Ties  at  "Break"? 

Condition  of  Ties  each  side  of  "Break"? 

Kind  of  Tics' 9** 

Were  Tie  Plates  used? . ._??..  Kind'      

Condition  of  Line  and  Surface?  V.VPV*    . 

Kjnd  of  Ballast?. ..  ..QraTel 

Was  Track   properly   ballasted? .*..*.• 

Kind  of  material  in  roadbed  under  ballast'. .*?*.... 

Was  Track  well  drained? TP* 

Was  roadbed  frozen? "9 


Dry  ...and.  warm. 


Condition  of  weather?   (Wet.  017.  -«rm  or  told,  freeing  or  tb.. 

If  "Broken"  state  cause  of  break,  and  describe  any  flaws  found  at  point  of  break  . 


If  "Break"  was  at  Joint,  state  kind,  number  of  holes,  and  whether  it  was  full  bolted  or  insulated.. 


Were  any  bolts  at  joint  loose? If  so,  how  many? 

Was  accident  or  detention  to  trains  caused  by  "Break"? If  so  state  circumstances 


If  "Defective",  describe  kind  and  location  of  flaws  or  defects,  and  if  possible,  what  caused  them     (see -Descrip- 
tion o. p.iiu«." 00 b.ck) 8jpl.lt. web  6  ft.  from  receiving  end  and  15'  long,. 


Draw  on  Diagram  lines  of  "Break",  or  partial  fracture,  such  as  long  pieces  from  side  of  head  and  half  moon 
pieces  from  base,  showing  dimensions.  Hollows  in  head  should  be  shown  on  "End  Section"  Defects  may 
also  be  indicated  on  diagram.  Mark  distance  from  end  to  "Break."  *If  "Break"  is  nearest  'Receiving  End" 
draw  pen  through  words  "Leaving  End;"  if  nearest  "Leasing  End,"  draw  pen  through  words  "Receiving 
End."  ('Refer*  to  tr»ck  upon  which  the  current  «f  traffic  i*  in  one  direction.)  Indicate  "Gauge  Side"  on  "DiagTam"  below, 
by  drawing  pen  through  words  "Gauge  Side"  on  opposite  side. 


"W    w 


15' 


n-BnCTs.d.n    n    n    n    n 


End  Section 


P   "Gau^JSidetJ         U  LJ  U  U         U 


If  "Damaged,"  describe  nature  and  cause  if  known      (Sec -Da 


.^■•.JPO™»?JL Foreman. 


.?.-•.  ..ylparjr  j  gupcmsor 


INSTRUCTIONS   AND    DESCRIPTION    OP    FAILURES   ON    BACK. 
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Fig.  454A.     "Split  Head"  Rail  454. 


Fig.  454B.    Deep  Etching  of  Rail  454. 
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Fig.  454C.    Light  Etching  of  Rail  454. 


Fig.  454D.     Microphotographs   of  Rail  454,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  454C. 
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Report  No 


366 


M.  W.  34  r. 


Pennsylvania  Railroad  Company 

P..  B    4  W    P    R.  N.  C    RY.  W    J    4  S.  R.  R.  460  . 

LABORATORY  REPORT  4  6  0 

CHEMICAL  AND   PHYSICAL  EXAMINATION   OF   RAIL  AND  OTHER  TRACK  MATERIAL 

Referred  to  in  letter  W.  C.    Cuahing  to  R.N.Dur borer*,    dated  Aug.    17,   1911. 

Laboratory  No.      20707-09            Sample  Rep.esenls  rail  whloh   failed    6800  ft.    rfest    Of 
U.P.   185,   Indianapolis  Terra.  My.  July  1,   1911.    (85-lb.   rail,   P.S.Soo.   111. 
Steel  Co.,  S  ..7 .Heat  not  given)  Laid  

Place  and  Oale      AltOOOfi,    Pa.,    3«pt  .16,  1911l9 


CHEMICAL  ANALYSIS 


ami 


PHYSICAL  TESTS 


Head 

fob 

Foot 


.47 

.40 

.45 


.004 
.093 
.060 


.117 
.168 
.199 


.019 
.023 
.019 


1-C/8|  120650  62146 


15.6 


24.66 


3  A  a 


DROP  TEST      SUPPORTS  12"  APART      WEIGHT  OF  TUP,  50  LBS. 

Impact 
T.S! 

Ooubi. 

Test  Piece  at  "D"  J?"«H* 

Test  Piece  at  "E"  |**1* 

Bum 
5Fl. 

Bio.s  11 
10  Fl. 

15  Fl 

Mbc 

Ft.  lbs 

E            i 
3F1 

Bo-S  11 
6FI. 

to  Fr. 

DeMec 

Fl  lbs. 

6 

5 

61" 

U/16' 

4200t 

Eote 

948 

Location           1      1. 

2. 

3 

4 

5            6. 

7. 

Av. 

Is 

BrinM 

,225 

193 

220 

193  !•'?*•  l26u 

17<V 

to* 

iz 

Semes 

p.   I  29 

27 

28 

27  1  »       |  30 

28 

Z.S 

REMARKS  - 


Phis   Is  a  remarkably  bad  rail,   containing  flaws  shown  In  the  etching 
tosts,   and  also   sort  steel   Inclusions. 


•Flp.w  at  pclnt   of  fracture. 
Hote:   -  No  inatorl.il. 
Soto  2i   Slab   split. 
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Fig.  460A.     "Split  Head"  Rail  460. 


Fig.  460B.    Deep  Etching  of  Rail  460. 
View  showing  scrap  steel  embedded. 
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Fig.  460C.    Light  Etching  of  Rail  460. 


4-60  D 


Fig.   460D.     Microphotographs  of  Rail  460,  Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  460C. 
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4CQA 


Fig.  466A.    "Split  Head"  Rail  466. 


46 


6  E3 


ifeis^ 


Fig.  466B.    Deep  Etching  of  Rail  466. 
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Fig.  466C.    Light  Etching  of  Rail  466. 


Fig.  466D.     Micro-photographs  of  Rail  466,  Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  466C. 
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SOS  A 


Fig.  505A.     "Broken  Base"  Rail  505. 


--•v<"  -k»,v- 


Fig.  505B.    Deep  Etching  of  Rail  505. 
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Fig.  505C.    Light  Etching  of  Rail  505- 


Fig.  505D.     Microphotograp 


Rail  505,   Magnified  65   Diameters. 


hs   of  Rail  505 


Locations  A  and  B  on  Fig.  5o$C. 
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Report  No. 


115*. 


M.  W.  34  P. 


•>     Copying  I  n 


?j>.ho.io5i.  pENNSylvania  Railroad  Company 

P.,  B.  A  W.  R.  R.  N.  C.  RY.  W.  J.  A  S.  R.  R. 

LABORATORY  REPORT  5&2 

CHEMICAL   AND   PHYSICAL   EXAMINATION   OF   RAIL  AND  OTHER   TRACK   MATERIAL 

Referred  to  m    •'•O.Cuehlng'e  Utter  of  11-4-12  to  J.T.Vallls. 


Laboratory  No  *»»«l-*-«  Sample  Represents  100-lb.    rail    from  C.T.ElV.    Canal   St. 

Curve.     8-24-12.     P.S.Seo.  Ill.S.Oo.  Gary  **s.  2-10.  Heat  Bo.   1606.  Split 


Place  £ 

nd  Date 

Altoona,  Pa 

.,  Ceoeaber 

5,  ,912 

CHEMICAL  ANALYSIS 

PHYSICAL  TESTS 

Location 

C 

Mn. 

p 

Si. 

s. 

Mill 
Dins  list 
Pamuul 

22EJJ, 

E™ 

■ 

Ort'SsJe. 

Cn.'icier 

Borings 

Fradirn 

Head 

.67 

.60 

.019 

.127 

.030 

90600 

422  76 

U 

17.7 

oas 

Web 

.66 

.60 

.084 

.118 

.094 

Hot 

1  A 

B.S. 

.69 

.60 

.0X5 

.122 

.081 

Average 

.67 

.60 

.019 

.122 

.032 



a".*U 

DROP  TEST      SUPPORTS  12"  APART      WEIGHT  OF  TUP,  50  LBS. 

Test. 
No.  of 
Double 

Test  Piece  at  "D"  W*W 

Test  Piece  at  "E"  §"«1" 

Blows  at 
5  Ft. 

Blows  at 
10  Ft. 

Blows  at 
15  Ft. 

Deflec. 

Ft.  lbs 

Blows  at 
3  Ft. 

Blow,  at 
6FI. 

Blows  at 
10  Ft. 

SSL 

Ft.  lbs. 

6 

6 

34 

B/a 

292EO 

Sot 

II 

705 

Localion 

1 

2 

3. 

4 

5. 

6. 

7        Average 

|| 

Brmell 

210 

206 

161 

206  210 

212 

216  1  206 

zz 

Scleroscopo 

33 

34 

31 

33  |  33 

32 

34  1     33 

REMARKS-    Hote.       no   tot(,rlal. 

Kote  A:  One  tensile  sample  Bpllt  at  fracture.  -52.2. 

A  spilt  head  failure  due  to  an  lnalualon  of  soft  steel,   the  loca- 
tion of  nhioh  Is  evident  In  the  etching  teste. 
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522  A 


Fig.  522A.    "Flow  of  Metal"  Rail  522. 


Fig.  522B.    Deep  Etching  of  Rail  522. 
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toSl 


Fig.  522C.    Light  Etching  of  Rail  522. 
View  showing  scrap  tie-plate  in  head. 


\^^     5Z2.D 


Fig.   522D.     Microphotographs   of   Rail  522,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  522C. 
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53/  A 

. 

___ 

_ 

Fig.  531A.    "Split  Web"  Rail  531. 


Fig.  531B.    Deep  Etching  of  Rail  531. 
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Fig.  53 i  C.    Light  Etching  of  Rail  531. 


Fig.   531D.     Microphotographs  of  Rail  531,   Magnified  65  Diameters. 
Locations  A  and  B  on  Fig.  531C. 
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Report  No 


1065 


Pennsylvania  Railroad  Company 

T.D.ltO.     968  P..  B.  «W.  RR.  N.  CRY.  WJ.4SRR. 

LABORATORY  REPORT 

CHEMICAL   ANO  PHYSICAL   EXAMINATION   OF   RAIL  AND  OTHER  TRACK   MATERIAL 

Reie-red  to  in     *•  c#  Cuehlng's  letter  of  7-2-12  to  J.  ?•  Wallis. 


WH    Copylotlnk 

607 


Laboratory   No. 


26764-6-6 


Sampli 


Represents    10°    lb'    ral1    on      UM»    "est    °*  Pittsburgh 


Div.  3614  ft.  west  of  H.P.  3.  6-12.  P.S.  Seo.  Car.  E.T.   1-09.  Heat  No.  2. 
Laid  4-19-09.  .forn  out. 

Place  and  Oate  Altooaa,   Pa.,  September  16,ig12 


CHEMICAL  ANALYSIS 

PHYSICAL   TESTS 

Local  ion 

C 

Mn. 

p 

Si. 

S. 

Irofui 

l"",'» 

*52£ 

E  mgal  » 

o*'a".,%« 

CMractai 

U.   P.,  S.  . 

"»""" 

H.ad 

.44 

.71 

.105 

.061 

.043 

101300 

57265 

18. 2J 

36.04 

feU 

W.b 

.39 

.70 

.092 

.066 

.043 

Base 

.46 

.71 

.106 

.061 

.045 

M. 

.43 

.71 

.101 

.063 

.044 

Host      ' 

DROP  TEST.     SUPPORTS   12"  APART.     WEIGHT   OF  TUP,   50  LBS. 

Tan. 

Double 

Test  Piece  at  "D"  J?*«53' 

Test  Piece  at  "E"  j'«  1" 

SFr. 

Bo  -  s  al 
10  Ft. 

15  FL 

Oefiec. 

FL  16s. 

Blo»s  at 
3  Ft. 

Biovx  al 
6F1. 

B'o..i  al 
10  Ft 

Deriec. 

Ft  lbs. 

5 

5 

9 

15/32 

10500 

6 

5 

42   : 

-9/32 

23250 

577 

60? 


Location 

1 

2 

3 

4 

5.           6. 

7. 

(wage 

|s 

Br.nall 

181 

187 

190 

161 

163 

L87 

183 

1  179 

Jz 

So  e.o  .ore 

30 

29 

30 

1    31 

29  |  30 

30 

1    30 

REMARKS  — 

A  worn  out  rail.     Inside  of  curve.     Carbon   Is  lower  in  the  web,   with 
a  low  average.     Brinell  hardness  low.     Five  of  the  six  Jnslde  rails   In  this 
set  show  considerable  flow  of  metal.     None  of  these  rails   show  a  split  head. 
Our  experience   lndioates  that  split  heads  are  nearly  always  found  in  segre- 
gated rails  having  hard  unsound  natal   in  the   interior  and  softer  metal  at 
the  surfaoe  of  the  rail.      It   is  believed  that  the  flow  of  the  softer  metal 
develops  a  split   in  the  harder  unsound  and  less  duotile  ratal   in  the     in  - 
terior  of  a  badly  segregated  rail,   resulting  In  a  split  head. 
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Fig.  607A.    Deep  Etching  of  Rail  607. 
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Fig.  607B.    Light  Etching  of  Rail  607. 


Fig.   607C.     Microphotographs  of  Rail  607,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  607B. 
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Fig.  614A.    Deep  Etching  of  Rail  614. 
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Fig.  614B.     Light  Etching  of  Rail  614. 


Fig.  614C.     Micro-photographs   of  Rail  614,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  614B. 
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Fig.  621A.    Deep  Etching  of  Rail  621. 
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Fig.  621B.    Light  Etching  of  Rail  621. 


Fig.   621C.     Micro-photographs  of  Rail   621,   Magnified   65   Diameters. 
Locations  A  and  B  on  Fig.  621B. 
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Fig.  622A.    Deep  Etching  of  Rail  622. 


SOME  OF  THE  CAUSES  OF  RAIL  FAILURES.  719 


Fig.  622B.    Light  Etching  of  Rail  622. 


Fig.   622C.     Microphotographs  of  Rail  622,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  622B. 
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Fig.  633A.    Deep  Etching  of  Rail  633. 
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Fig.  633B.     Light  Etching  of  Rail  633. 


Fig.   633C.     Micro-photographs   of  Rail  633,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  633B. 
A — Shows  microstructure  of  segregated  area. 
"  B— Average  structure  of  head,  showing  an  unusually  fine  grain. 
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Fig.  638A.    Deep  Etching  of  Rail  638. 
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Fig.  638B.    Light  Etching  of  Rail  638. 


Fig.   638C.     Microphotographs   of  Rail  638,  Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  638B. 
A — Average  structure  consisting  of  ferrite  and  pearlite. 
B— Ferrite-pearlite  structure  of  finer  grain  than  center  of  head. 
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Fig.  639A.    Deep  Etching  of  Rail  639. 
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Fig.  639B.    Light  Etching  of  Rail  639. 


Fig.   639C.     Micro-photographs   of   Rail  639,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  639B. 
A — Average  structure,  pearlite  with  small  amount  of  ferrite. 
B — Distortion  of  grain  on  top  of  head  due  to  wheel  load. 
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Fig.  644A.    Deep  Etching  of  Rail  644. 
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Fig.  644B.     Light  Etching  of  Rail  644. 


Fig.   644C.     Microphotographs   of  Rail  644,   Magnified  65   Diameters. 
Locations  A  and  B  on  Fig.  644B. 

A — Average  structure. 

B— Shows  structure  of  hardened  area  on  top  of  head,  probably  caused 
by  slipping  engine  drivers.  This  spot  is  about  ^-inch  wide  and  s's-inch 
deep,  and  is  very  brittle,  as  is  shown  by  cracks  in  this  portion. 
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Fig.  65 i A.     Deep  Etching  of  Rail  651. 
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Fig.  651B.     Light  Etching  of  Rail  651. 


Fig.   651C.      Microphotographs  of   Rail   651.    Magnified   65    Diameters. 
Locations  A  and  B  on  Fig.  65 iB. 
A   and   B — Good   average   structure. 
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Fig.  652A.     Deep  Etching  of  Rail  652. 
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*9     ® 


Fig.  652B.     Light  Etching  of  Rail  652. 


Fig.  652C.  Micro-photographs  of  Rail  (^12.  Magnified  65  Diameters. 
Locations  A  and  B  on  Fig.  652B. 

A — Average  structure  showing  a  small  amount  of   ferrite. 

B — Distorted  grain  and  narrow  hardened  surface  on  top  of  head. 
probably  caused  by  slipping  engine  driver-. 
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Fi<;.  653A.     Deep  Etching  of  Rail  653. 
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Fig.  653B.     Light  Etching  of  Rail  653. 


Fig.  653C.  Microphotographs  of  Rail  653.  Magnified  65  Diameters. 
Locations  A  and  B  on  Fig.  653B. 

A— Shows  brittle  cementite  structure.  This  stream  is  about  ',^-inch 
long  and   ::Vinch  wide,  located  at  junction  of  head  and  web. 

B — Average  structure. 
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Fig.  655A.     Deep  Etching  of  Rail  655. 


8/^^* 


Fig.  655B.    Light  Etching  of  Rail  055- 
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Fig.   655C.      Microphotographs   of    Rail  655.    Magnified   65    Diameters. 
Locations  A  and  B  on  Fig.  655B. 


Fig.   655b.      Microphotographs   of   Rail  655,    tV-Inch    Below   Surface, 

Magnified  65  Diameters. 

(Etched  with  nitric  amyl  alcohol.) 


RAIL. 


Fig.    655E.      Microphotographs    of    Rail   655,    J^-Inch    Below    Si 
Magnified  6=;  Diameters. 


Fig.    655F.     Microphotographs   of   Rail   655,    54-Inch    Below   Surface", 

Magnified  65  Diameters. 

(Both  etched  with  nitric  amyl  alcohol.) 
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Fig.  656A.     Deep  Etching  of  Rail  656. 
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Fig.  656B.     Light  Etching  of  Rail  656. 


Fig.   656C.     Micjrophotographs    of    Rail   656,    Magnified   65    Diameters. 
Locations  A  and  B  on  Fig.  656B. 
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Fig.  656D.     Microphotographs  of  Rail  656,  Running  Face,  Magnified 
65  Diameters.  Where  Struck  by  Flat  Wheel. 


Fig.  656E.      Micro-photographs   of   Rail  656,    Magnified   65    Diameters. 

Presumably  Below  Surface. 

General  Structure  of  Steel  in  Rail. 

(Both  etched  with  nitric  amyl  alcohol.) 
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Fig.  2N(659)A.    Deep  Etching  of  Rail  659. 
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i-ic.  2\(659)B.     Light  Etching  of  Rail  659. 


Fig.   2N (659)0.     Microphotographs   of    Kail  65c,   Magnified  65   Diam- 
eters.    Locations  A  and  B  on  Fig.  2N(6sg)B. 
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Fig.  2S(66o)A.    Deep  Etching  of  Rail  660. 
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Fig.  2S(66o)B.     Light  Etching  of  Rail  660. 


Fig.   2S(66o)C.      M'icrophotographs  of   Rail   660,    Magnified  65    Diam- 
eters.   Locations  A  and  B  on  Fig.  2S(66o)B. 
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Fig.  4N(663)A.    Deep  Etching  of  Rail  663. 
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Fig.  4N(663)B.     Light  Etching  of  Rail  663. 


10 


Fig.   4N(663)C.     Microphotographs   of   Rail   663.    Magnified  65    Diam- 
eters.    Locations  A  and  P>  on  Fig.  4N(663)B. 
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Fig.  5N(665)A.    Deep  Etching  of  Rail  665. 
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Fig.  5N(665)B.    Light  Etching  of  Rail  665. 
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Fig.   5N(66s)C.     Micro-photographs   of  Rail  665,    Magnified  65   Diam- 
eters.   Locations  A  and  B  on  Fig.  5N(66s)B. 


Fig.  sS(656)A.     Deep  Etching  of  Rail  666. 
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Fig.  5S(666)B.     Light  Etching  of  Rail  666. 


Fig.   sS(666)C.     Microphotographs  of  Rail  666,   Magnified  65   Diam- 
eters.   Locations  A  and  B  on  Fig.  sS(666)B. 


(For  Sheets  and  Plates,  see  inserts  in  back  of  Volume.) 


THE   NICK   AND    BREAK    TEST    IN    THE  INSPECTION 
OF  STEEL  RAILS. 

By  Robert  W.  Hunt  and  C.  W.  Gennet,  Jr. 

Steel  metallurgists  will  recall  that  prior  to  the  general  dependence 
upon  the  services  of  the  analytical  chemist,  that  is,  in  the  days  when 
but  few  steel  works  had  their  own  laboratories,  the  grading  of  crucible 
steel  in  the  ingot,  and  before  it  was  drawn  down  into  bars,  was  based 
upon  the  appearance  of  the  fracture  of  each  separate  ingot.  After  the 
ingots  became  cold,  a  piece  was  broken  off  one  corner  and  an  expert 
workman  judged  of  the  hardness  of  the  metal  by  the  exposed  fracture, 
and  marked  the  ingot  accordingly.  Thus  one  would  be  used  for  tool, 
another  for  drill,  another   for  spring  steel,  and  so  on. 

in  later  years,  when  the  dissatisfaction  with  the  results  given  by 
steel  rails  led  to  much  discussion  as  to  what  changes  should  be  made  in 
the  specifications  governing  their  manufacture,  the  Rail  Committee  of 
the  American  Railway  Association  called  in  consultation  the  late  William 
Metcalf,  Past-Presideht  of  the  American  Institute  of  Mining  Engineers, 
1881 ;  Past-President  of  the  American  Society  of  Civil  Engineers,  1898- 
99,  and  for  years  a  steel  maker.  Previous  to  that  time  drop  tests  of  pieces 
of  rail  representing  each  heat  of  steel  had  been  included  in  some  of  the 
specifications,  but  the  object  of  such  tests  had  been  limited  to  determining 
the  ductility  of  the  steel.  There  had  not  been  any  prescribed  breaking 
tests  with  a  view  of  disclosing  the  internal   structure  of  the  rail. 

Mr.  Metcalf,  based  no  doubt  upon  his  experience  as  a  maker  of 
crucible  steel,  urged  that  the  then  current  testing  did  not  go  far  enough, 
and  that  several  pieces  of  rail  from  each  heat  should  be  broken,  and 
by  the  disclosed  fractures  the  rails  from  that  heat  accepted  or  rejected. 
The  Committee,  when  reporting,  did  not  adopt  his  suggestions,  but,  based 
largely  upon  his  insistence  that  the  drop  testing  as  then  conducted  did 
not  go  far  enough,  many  railroad  engineers  gradually  enlarged  the 
scope  of  their  drop-testing  requirements  until  it  became  the  general  prac- 
tice to  break,  say,  three  pieces  from  each  heat  of  Open-Hearth  steel  and 
to  accept  or  reject  certain  rails  according  to  whether  or  not  interior 
defects  were  revealed.  It  was  argued  that  the  practice  should  be  extended 
to   include   the   breaking   of   a   piece    of   rail    from    the    top    end   of   each 
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ingot  rolled,  and  in  fact  some  experimental  rollings  were  made  under 
such  provisions,  but  opposition  to  the  plan  of  making  this  fracture  test 
on  a  piece  of  rail  from  each  ingot  developed  among  rail  makers,  with 
the  result  that  what  seems  to  us  to  be  a  perfectly  logical  method  of 
testing  rails  to  insure  against  acceptance  of  defective  material,  failed 
to  have  a  fair  working  trial;  and  thus  it  remained,  about  a  year  ago, 
for  the  Algoma  Steel  Corporation,  whose  mill  is  at  Sault  Ste.  Marie, 
Canada,  to  open  the  door  commercially,  so  to  speak,  to  the  possibilities 
of  a  specification  for  rails,  marking,  we  believe,  a  distinct  step  forward 
in  the  direction  of  safer  and  better  wearing  rails. 

A  contract  for  10,000  tons  of  rails  made  by  the  Canadian  Pacific 
Railway  with  the  Algoma  company  was  the  first  to  require  what  has 
been  commonly  termed  "the  nick  and  break  test  on  each  ingot,"  and 
this  was  quickly  followed  by  others  for  rails  to  be  shipped  to  this  coun- 
try under  similar  conditions  of  testing.  In  justice  to  the  Algoma  com- 
pany it  may  be  said  that  they  have  become  so  appreciative  of  the  logic, 
as  well  as  the  economy,  of  the  nick  and  break  test  that  they  have  seen 
fit  to  have  it  incorporated  freely  and  without  extra  compensation  in 
many  of  their  specifications.  One  contract  for  rails  to  be  shipped  to  one 
of  the  leading  railroads  of  the  Middle  West  was  given  special  attention 
at  the  time  of  rolling,  and  it  is  essentially  the  results  obtained  on  it 
that  we  desire  to  record,  at  the  same  time  drawing  attention  to  various 
phases  of  the  matter  of  specifications  and  their  application  and 
interpretation. 

The  contract  in  question  covered  a  large  tonnage  of  90-lb.  Ameri- 
can Railway  Association  type  "A"  section  of  rail,  the  dimensions  of 
which  are  as  shown  in  Fig.  1.  The  specification  under  which  the  rails 
were  rolled  was  that  adopted  March  17,  1915,  by  the  American  Railway 
Engineering  Association,  but  so  modified  in  detail  as  to  provide  for 
nicking  and  breaking  the  top  crop  end  of  the  top  rail  of  each  ingot 
rolled,  and  accepting  or  rejecting  it  (with  the  subsequent  ones  of  the 
same  ingot)  as  a  result  of  conditions  revealed  by  the  fracture  pro- 
duced. The  important  parts  of  the  specification  are  as  follows,  and  the 
corresponding  parts  of  the  present  American  Railway  Engineering  Asso- 
ciation specification  are  also  shown  to  render  easy  comparison  possible : 
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Fig.  i. 
90-Lb.  A.R.A.  Type  "A"  Rail. 
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NICK      AND      BREAK      TEST 
SPECIFICATION,  1915. 

For     90-Lb.     Open-Hearth     Steel 
Rails. 


Chemical    Composition. 
Same. 

Physical    Qualities. 
Same. 

Method    of    Testing. 

Same. 

Drop  Testing   Machine. 


Same. 


Pieces   for    Drop    Test. 

Same. 


Temperature    of    Test    Pieces. 

Same. 
Height  of   Drop. 

Same. 


A.    R.    E.    A.    SPECIFICATION, 
ADOPTED  MARCH  17,  1915. 

For     90-LB.     Open-Hearth     Steel 
Rails. 


Chemical    Composition. 

Per   cent,   carbon 62  to  .75 

Per   cent,  phosphorus   not   to 
exceed    04 

Per   cent,   manganese.  .   .60  to  .90 

Per  cent,  silicon,  not  less  than  .10 
Physical   Qualities. 

Tests  shall  be  made  to  determine 
ductility    or    toughness    as    opposed 
to  brittleness  ;  and  soundness. 
Method    of   Testing. 

The    physical    qualities    shall    be 
determined  by  the  drop  test. 
Drop   Testing    Machine. 

The  drop  testing  machine  used 
shall  be  the  standard  of  the  Ameri- 
can Railway  Engineering  Associa- 
tion. 

(a)  The  tup  shall  weigh  2,000 
lbs.  and  have  a  striking  face  with  a 
radius  of  five  inches. 

(b)  The  anvil  block  shall  weigh 
20,000  lbs.  and  be  supported  on 
springs. 

(c)  The  supports  for  the  test 
pieces  shall  be  spaced  three  feet 
between  centers  and  shall  be  a  part 
of,  and  firmly  secured  to  the  anvil. 
The  bearing  surfaces  of  the  sup- 
ports shall  have  a  radius  of  five 
inches. 

Pieces  for  Drop  Test. 

Drop  tests  shall  be  made  on 
pieces  of  rail  not  less  than  four 
feet  and  not  more  than  six  feet 
long.  These  test  pieces  shall  be 
cut  from  the  top  end  of  the  top 
rail  of  the  ingot,  and  marked  on 
the  base  or  head  with  gage  marks 
one  inch  apart  for  three  inches  each 
side  of  the  center  of  the  test  piece, 
for  measuring  the  ductility  of  the 
metal. 
Temperature  of  Test  Pieces. 

The     temperature     of     the     test 
pieces  shall  be  between  60  and  100 
degrees  Fahrenheit. 
Height  of   Drop. 

The  test  piece  shall  preferably  be 
placed  base  upwards  on  the  sup- 
ports, and  be  subjected  to  impact 
of  the  tup  falling  free  from  a  height 
of  17  feet. 
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NICK      AND      BREAK      TEST 
SPECIFICATION,  1915. 

For     cio-Lb.     Open-Hearth     Steel 
Rails. 


A.    R.    E.    A.    SPECIFICATION, 
ADOPTED  MARCH  17,  1915. 

For     90-Lb.     Opex-Hearth     Steel 
Rails. 


Elongation,    or    Ductility. 
Same. 


Permanent  Set. 
Same. 


Test  to    Destruction. 

The  test  pieces  which  do  not 
break  under  the  first  or  subsequent 
blows  shall  be  nicked  and  broken 
to  determine  whether  the  interior 
metal  is  sound.  The  words  "inte- 
rior defect"  used  below  shall  be 
interpreted  to  mean  seams,  lamina- 
tions, cavities  or  interposed  foreign 
matter,  or  a  bright  fine-grained 
center  evidencing  segregation,  made 
visible  by  the  destruction  tests,  the 
saws  or  the  drills. 
Open-Hearth   Process   Drop  Tests. 

Same. 

(a)  If  two  of  these  test  pieces 
do  not  break  at  the  first  blow,  and 
if  both  show  the  required  elonga- 
tion, all  of  the  rails  of  the  heat 
shall  be  accepted,  except  as  pro- 
vided by  section    (g). 

(b)  If  two  of  the  test  pieces 
break  at  the  first  blow,  or  do  not 
show  the  required  elongation,  all 
of  the  top  rails  from  that  heat 
shall  be  rejected. 


(c)  Second  tests  shall  then  be 
made  from  three  test  pieces  se- 
lected by  the  Inspector  from  the 
top  end  of  any  second  rails  of  the 
same  heat,  preferably  of  the  same 


Elongation,    or    Ductility. 

(a)  Under  these  impacts  the  rail 
under  one  or  more  blows  shall 
show  at  least  6  per  cent,  elongation 
for  one  inch,  or  five  per  cent,  each 
for  two  consecutive  inches  of  the 
six-inch  scale,  marked  as  described. 

(b)  A  sufficient  number  of  blows 
shall  be  given  to  determine  the 
complete  elongation  of  the  test 
piece  of  one  out  of  every  three 
test  pieces  of  a  heat. 
Permanent  Set. 

It  is  desired  that  the  permanent 
set  after  one  blow  under  the  drop 
test  shall  not  exceed  1.65  inches, 
and  a  record  shall  be  made  of  this 
information. 
Test  to   Destruction. 

The  test  pieces  which  do  not 
break  under  the  first  or  subsequent 
blows  shall  be  nicked  and  broken 
to  determine  whether  the  interior 
metal  is  sound.  The  words  "inte- 
rior defect"  used  below  shall  be 
interpreted  to  mean  seams,  lamina- 
tions, cavities  or  interposed  foreign 
matter  made  visible  by  the  destruc- 
tion tests,  the  saws  or  the  drills. 


Open-Hearth  Process  Drop  Tests. 
Test  pieces  shall  be  selected  from 
the    second,    middle    and    last    full 
ingot  of  each  Open-Hearth  heat. 

(a)  If  two  of  these  test  pieces 
do  not  break  at  the  first  blow,  and 
if  both  show  the  required  elonga- 
tion, all  of  the  rails  of  the  heat 
shall  be  accepted,  provided  that 
none  of  the  three  test  pieces  when 
broken  show  interior  defect. 

(b)  If  two  of  the  test  pieces 
break  at  the  first  blow,  or  do  not 
show  the  required  elongation,  or  if 
any  of  the  three  test  pieces  when 
broken  show  interior  defect,  all  of 
the  top  rails  from  that  heat  shall 
be   rejected. 

(c)  Second  tests  shall  then  be 
made  from  three  test  pieces  se- 
lected by  the  Inspector  from  the 
top  end  of  any  second  rails  of  the 
same  heat,  preferably  of  the  same 
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NICK      AND      BREAK      TEST 
SPECIFICATION,  1915. 


For    90-LB. 


Open-Hearth 
Rails. 


Steel 


ingots.  If  two  of  these  test  pieces 
do  not  break  at  the  first  blow,  and 
if  both  show  the  required  elonga- 
tion, all  of  the  remainder  of  the 
rails  of  the  heat  shall  be  accepted, 
except  as  provided  by  section   (g). 


(d)  If  two  of  these  test  pieces 
break  at  the  first  blow,  or  do  not 
show  the  required  elongation,  all 
of  the  second  rails  of  the  heat  shall 
be  rejected. 


(e)  Third  tests  shall  then  be 
made  from  three  test  pieces  se- 
lected by  the  Inspector  from  the 
top  end  of  any  third  rails  of  the 
same  heat,  preferably  of  the  same 
ingots.  If  two  of  these  test  pieces 
do  not  break  at  the  first  blow,  and 
if  both  show  the  required  elonga- 
tion, all  of  the  remainder  of  the 
rails  of  the  heat  shall  be  accepted, 
except  as  provided  by  section   (g). 


(f)  If  two  of  these  test  pieces 
break  at  the  first  blow,  or  do  not 
show  the  required  elongation,  all 
of  the  remainder  of  the  rails  from 
that  heat  shall  be  rejected. 


(g)  The  test  pieces  which  have 
successfully  withstood  the  drop  test 
and  also  a  piece  representing  the 
top  end  of  all  other  top  rails  shall 
be  nicked  and  broken.  If  the  frac- 
ture shows  interior  defect  the  "A," 
or  top  rail  of  the  ingot,  shall  be 
rejected,  and  a  piece  cut  from  its 
bottom  end  to  represent  the  "B," 
or  second  rail  of  the  same  ingot. 
This  piece  shall  then  be  nicked  and 
broken,  and  if  its  fracture  shows 
interior  defect,  the  rail  represented 
shall  be  rejected.  The  testing  by 
nicking  and  breaking  shall  proceed 
progressively  in  this  manner  on  all 
the  rails  of  each  ingot,  if  neces- 
sary, and  they  shall  be  accepted  or 
rejected  according  as  the  fracture 
of  the  test  piece  representing  them 
shows  interior  defect. 

Note. — Each  rail  must  be  stamped 
with  a  number  to  indicate  the  ingot 
from  which  it  was  rolled,  so  as  to 
permit  of  identification  with  the 
other  rails  of  the  same  ingot. 


A.    R.    E.    A.    SPECIFICATION, 
ADOPTED  MARCH  17,  1915. 

For     90-LB.     Open-Hearth     Steel 
Rails. 


ingots.  If  two  of  these  test  pieces 
do  not  break  at  the  first  blow,  and 
if  both  show  the  required  elonga- 
tion, all  of  the  remainder  of  the 
rails  of  the  heat  shall  be  accepted, 
provided  that  none  of  the  three 
test  pieces  when  broken  shows  in- 
terior defect. 

(d)  If  two  of  these  test  pieces 
break  at  the  first  blow,  or  do  not 
show  the  required  elongation,  or 
if  any  of  the  three  test  pieces  when 
broken  show  interior  defect,  all  of 
the  second  rails  of  the  heat  shall 
be  rejected. 

(e)  Third  tests  shall  then  be 
made  from  three  test  pieces  se- 
lected by  the  Inspector  from  the 
top  end  of  any  third  rails  of  the 
same  heat,  preferably  of  the  same 
ingots.  If  two  of  these  test  pieces 
do  not  break  at  the  first  blow,  and 
if  both  show  the  required  elonga- 
tion, all  of  the  remainder  of  the 
rails  of  the  heat  shall  be  accepted, 
provided  that  none  of  the  three 
test  pieces  when  broken  show  inte- 
rior defect. 

(f)  If  two  of  these  test  pieces 
break  at  the  first  blow,  or  do  not 
show  the  required  elongation,  or  if 
any  of  the  three  test  pieces  when 
broken  show  interior  defect,  all  of 
the  remainder  of  the  rails  from 
that  heat  shall  be  rejected. 


Omitted. 


Note— Omitted. 
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TABLE  1.    COMPARISON  OF  RESULTS  UNDER  VARIOUS 
SPECIFICATIONS. 


No.  of  Rollings 

No.  of  Heats  Rolled. 
No.  of  Ingots  Rolled. 
No.  of  Rails  Rolled. . 


No.  Heats  rejected  at  Drop  Test 

No.  Heats  of  "A"  Rails  rejected  at  Drop 

Test 

No.  "A"  Rails  rejected  at  Drop  Test..  . 


No.  "A"  Rails  in  addition  rejected  account 
Pipe 

No.  "A"  Rails  in  addition  rejected  account 
Segregated 

No.  "A"  Rails  in  addition  rejected  account 
other  reasons 


Total  "A"  Rails  rejected. 


No.  "B"  Rails  in  addition  rejected  account 
Pipe 

No.  "B"  Rails  in  addition  rejected  account 
Segregated 

No.  "B"  Rails  in  addition  rejected  account 
other  reasons 


Total  "B"  Rails  rejected. 


No.  "C"  Rails  in  addition  rejected  account 
Pipe 

No.  "C"  Rails  in  addition  rejected  account 
Segregated 

No.  "C"  Rails  in  addition  rejected  account 
other  reasons 


Total  "C"  Rails  rejected, 


Total  all  Rails  rejected  on  Frac- 
ture  


Total  all  Rails  rejected  on  Physi- 
cal Test 


Per  Cent.  Rails  rolled  and  rejected  on  Test 
Total  Rails  rejected  account  Pipe 
Total  Rails  rejected  account  Segregated 
Total  Rails  rejected  account  other  reasons. 


Nick  and  Break 
Specification 


A.R.E.A. 
Specification 


15 


10 

1002 

16297 

69826 


267 


934 

829 

12 


1775 


31 

7 
0 


38 


1816 

2083 
2.98 
968=1.4% 
836=1.2% 
12=  .01% 


0 

15 


267 


2393 

1189 

0 


3582 


28 

11 

0 


30 


3621 


5.56 
2421=3.4% 

1200=1.7% 
0=    0% 


NUMBER    OF   RAILS    REJECTED    UNDER    NICK    AND   BREAK    SPECIFICATION    WHICH 
WOULD    HAVE   BEEN    ACCEPTED   UNDER   A.    R.    E.    A.    SPECIFICATION. 

"A"  Rails. 

Piped   409 

Segregated    492 

Other  reasons  3 

Total    904  24  2  930 

Per  cent,  rails  rolled  that  were  rejected  under  the  Nick  and  Break 
Specification  that  would  have  been  accepted  under  the  A.  R. 
E.  A.  Specification 1.33 


"B"  Rails. 

"C"  Rails. 

Total. 

21 

2 

432 

3 

0 

495 

0 

0 

3 

758  RAIL. 

One  of  the  most  important  questions  that  has  been  raised  in  con- 
nection with  the  nick  and  break  test  specification  is  with  regard  to  the 
relative  number  of  rejections  occurring  under  it  and  some  other,  par- 
ticularly the  American  Railway  Engineering  Association  above  quoted ; 
and  that  this  point  could  be  solved,  record  was  made  of  each  condition 
that  did  actually  occur,  with  corresponding  conditions,  in  so  far  as 
possible,  that  would  have  occurred  had  the  nick  and  break  test  on 
each  ingot  been  waived  and  the  straight  American  Railway  Engineering 
Association  specification  applied.  The  comparison  of  the  results  are  shown 
in  Table  I. 

The  most  important  facts  and  conclusions  which  can  be  deduced 
from  Table  are : 

(i)  That  the  application  of  the  nick  and  break  test  specification 
results  in  a  distinct  saving  to  the  mill  in  the  number  of  rails  rejected 
as  against  those  that  would  be  rejected  under  the  American  Railway 
Engineering  Association  specification.  These  rejections  have  been  re- 
duced from  5.56  per  cent,  to  2.98  per  cent.,  resulting,  therefore,  in  a 
saving  to  the  mill  of  rejected  rails  amounting  to  46.4  per  cent. 

(2)  That  the  application  of  the  nick  and  break  test  specification 
is  of  greater  protection  to  the  railroad  than  would  be  the  American 
Railway  Engineering  Association  specification,  for  the  rejections  under 
the  former  include  1.33  per  cent,  of  the  total  number  of  rails  rolled,  which 
would  have  been  accepted  under  the  American  Railway  Engineering  Asso- 
ciation specification.  Thus,  of  the  total  number  of  rails  rejected  under 
the  nick  and  break  specifications,  44.6  per  cent,  would  not  have  been 
rejected  under  the  American  Railway  Engineering  Association  specifica- 
tion, so  that  practically  one-half  of  the  rails  rejected  under  the  nick  and 
break  test  specification  would  have  been  accepted  under  the  American 
Railway  Engineering  Association,  and  obviously  been  laid  in  the  track. 

(3)  If,  as  has  been  shown  by  published  records,  the  number  of 
rails  which  fail  in  service  and  have  to  be  replaced  because  of  unsound 
or  unhomogeneous  metal,  represents  nearly  one-half  of  the  total  number 
of  failures  occurring  on  the  railroads  each  year,  obviously,  then,  by  the 
application  of  the  nick  and  break  test  specification,  which  is  a  protection 
against  unsound  and  unhomogeneous  metal,  a  material  reduction  in  the 
number  of  these  rail  failures  easily  would  be  effected. 

To  our  minds  a  serious  defect  of  most  specifications  is  the  disregard 
for  the  individuality  of  each  ingot  cast  from  a  heat.  Large  heats  and 
large  ingots,  at  present  so  common  to  modern  mill  practice,  aggravate 
conditions  which  in  the  old  days  of  Bessemer  steel  were  not  so  im- 
portant, and  while  it  is  the  usual  practice  to  select  drop  test  pieces  from 
three  different  ingots  from  an  Open-Hearth  heat,  still  it  often  happens  that 
the  three  selected  are  what  might  be  termed  good  ingots  as  against  some 
others   cast    from   the   same   heat   which   are   not.      Specifications   usually 
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control  the  location  in  the  heat  of  the  ingots  from  which  pieces  of 
rail  are  to  be  taken  for  drop  tests,  which  may  lead  to  special  care  in  the 
casting  of  those  particular  ingots,  thus  preventing  them  from  being  truly 
representative  ones,  and  tending  toward  many  a  defective   rail  being  ac- 


Fig.  2.     Showing  the  Efficacy  of  the  Nick  and  Break  Test. 

The  crop  end  of  an  "A"  rail  from  an  ingot  so  located  in  a  heat  that 
under  no  ordinary  specification  would  it  have  been  selected  for  drop  test- 
ing, was  regularly  tested  by  nicking  and  breaking.  It  showed  a  large 
pipe  which  caused  rejection  of  the  "A"  rail.  The  regular  drop  tests  and 
their  fractures  of  the  heat  represented  were  satisfactory  in  every  respect. 
The  "A"  rail  was  then  carefully  examined,  especially  on  its  ends,  and 
no  sign  of  pipe  was  found,  the  hot  saw  marks  probably  obliterating  signs 
of  the  pipe.  Under  customary  specifications,  the  rail  would  therefore 
have  been  accepted  and  ultimately  laid  in  track.  The  rejected  rail  was 
then  broken  into  short  pieces  with  the  results  shown, 
i.     Shows  original  nick  and  break  test  fracture  which  was  piped. 

2.  Shows  a  fracture  2  ft.  g  in.  from  the  top  end  of  the  "A"  rail  which 

was  also  piped. 

3.  Shows  a  fracture  6  ft.  8  in.  from  the  top  end,  also  piped. 

4.  Shows  a  fracture  9  ft.  8  in.  from  the  top  end,  also  piped. 

5.  Shows  a  fracture  12  ft.  from  the  top  end  and  clear  of  signs  of  inte- 

rior defect. 
Other   fractures   at   greater   distances    from   the   top   end   showed   no 
signs  of  interior  defects,  so  that  this  rail  was  actually  piped   for  about 
30  per  cent,  of  its  length. 


cepted  and  put  into  service,  a  condition  which  frequently  would  be  averted 
if  the  prescribed  test  had  been  made  on  a  piece  of  rail  from  some  other 
ingot  of  the  heat.  As  illustrative  of  the  efficacy  of  the  nick  and  break 
test  specification  in  eliminating  some  of  the  bad  rails  referred  to,  Fig.  2 
is  given.  It  shows  fractures  made  on  an  "A"  or  top  rail  of  an  ingot 
which  was  so  located  in  the  heat  that  under  no  ordinary  specification 
would  it  have  been  selected  for  test  purposes.  Careful  examination  of 
the  sawed  ends  of  the  rail   failed  to  detect  any   signs  of  a  pipe,  yet  as 


760 


RAIL. 


will  be  seen  from  the  photograph,  the  rail  was  piped,  and  very  badly  so, 
for  about  ten  feet  of  its  length.  There  can  be  no  question  but  that  this 
rail,  under  ordinary  circumstances,  would  have  been  accepted  and  ulti- 
mately laid  in  the  track  on  practically  any  railroad  of  the  United  States, 
but  under  the  nick  and  break  test  specification,  by  which  each  ingot  is 
virtually  considered  a  unit  by  itself,  the  crop  end  of  this  rail  was  found 
piped  and  the  rail  was  rejected. 

The  reasons  for  the  disparity  in  the  number  of  rails  rejected  under 
the  two  specifications  are  plainly  shown  by  the  results  obtained  on  two 
different  heats  selected  at  random  from  among  those  rolled : 


Heat  X 

Heat  Y 

Ingot 
No. 

Fracture  of  nick  and  break 
test  on 

Fracture  of  nick  and  break 
test  on 

A  Rail 

B  Rail 

C  Rail 

A  Rail 

B  Rail 

C  Rail 

1 

O.K. 

O.K. 

2 

O.K. 

Piped 

Piped 

O.K. 

3 

*O.K. 

O.K. 

4 

O.K. 

*0.  K. 

5 

O.K. 

Piped' 

O.K. 

6 

O.K. 

O.K. 

7 

O.K. 

*0.  K. 

8 

O.K. 

Piped 

O.K. 

9 

O.K. 

O.K. 

10 

O.K. 

*O.K. 

11 

O.K. 

O.K.1 

12 

O.K. 

O.K. 

13 

*  Piped 

O.K. 

Segreg. 

O.K. 

14 

*0.  K. 

Segreg. 

O.K. 

15 

O.K. 

O.K. 

16 

O.K. 

O.K. 

17 

Piped 

O.K. 

18 

O.K. 

19 

O.K. 

20 

O.K. 

*Refers  to  what  would  have  been  the  regular  drop  test  pieces  under 
the  American  Railway  Engineering  Association  specification. 

Thus,  on  Heat  X,  piece  No.  13  was  piped,  and  under  the  American 
Railway  Engineering  Association  specification,  therefore,  a  total  of  t6 
rails  would  have  been  condemned  as  against  the  single  one  lost  under  the 
nick  and  break  test  specification.  On  Heat  Y,  the  three  regular  Ameri- 
can Railway  Engineering  Association  test  pieces  were  good  in  all  re- 
spects, and  yet  4  "A"  rails  and  1  "B"  rail  actually  were  piped,  while  2 
other  "A"  rails  were  segregated,  and,  therefore,  7  defective  rails  would 
have    been    accepted    and    put    in    service    under    the    American    Railway 
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Engineering    Association    specification,    but    all   were    rejected    under    the 
nick  and  break  test  specification. 

By  the  nick  and  break  test  mentioned  above  is  meant,  firstly,  the 
nicking;  and  secondly,  the  breaking,  by  some  mechanical  means,  of  a 
short  length  of  rail  selected  as  required  by  the  specification.  This,  it 
will  be  noted,  must  be,  for  the  first,  or  the  original  test,  the  top  end  of 
the  top  rail  of  each  ingot  rolled,  and  naturally  for  this  sample,  the  crop 
end,  which  must  be  cut  by  the  hot  saws,  from  the  top  of  the  "A"  rail 
was  used.  These  crop  ends  were  ordinarily  from  18  in.  to  24  in.  long, 
and  after  being  stamped  with  the  heat  and  ingot  number,  to  permit  of 
identification,  were  allowed  to  cool  for  a  little  over  thirty  minutes,  and 
were  then  quenched  in  water,  pains  being  taken  to  insure  quenching  from 


Fig.  3.    View  of  Bulldozer  Used  at  Algoma  for  Breaking  Crop  Ends 
of  "A"  Rails,   Showing  Also  the  Quenching  Tank. 


a  temperature  color  of  near  black  or  natural  cold  steel,  so  as  to  render 
no  appreciable  change  in  steel  structure  possible.  Then  the  pieces  were 
nicked  as  desired;  and,  for  the  purpose  of  breaking,  inserted  in  a 
specially  designed  anvil  of  a  bulldozer  (Fig.  3)  so  arranged  that  the 
ram  readily  broke  the  rail  where  it  had  been  nicked,  giving,  without 
trouble  in  most  cases,  the  square  character  of  fracture  desired  for 
examination.  Thus  the  fractures  were  ready  for  judging  in  an  average 
time  of  about  one  hour  after  the  rails  were  rolled,  and  in  many  cases 
long  before  the  actual  drop  test  pieces  were  cold  enough  to  test,  and 
even  before  the  rails  represented  had  reached  the  cold  straightening 
presses.  It  is  interesting  to  observe  that  the  bulldozer  actually  broke  the 
rails  at  a  rate  of  about  3  per  minute,  or  at  a  rate,  say,  of  2000  pieces  in 
twelve  hours;  and.  as  each  piece  represented  an  ingot,  the  rate  of  break- 
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ing  possible  shows  it  to  be  well  in  excess  of  any  probable  tonnage 
that  could  be  rolled  with  any  present  mill  equipment.  In  case  of  the 
fracture  on  this  original  test  showing  bad,  thus  incurring  the  rejection 
of  the  top  rail  of  the  particular  ingot  represented,  it  was  necessary  to 
locate  that  rail  in  front  of  the  straightening  presses  by  identifying 
the  heat  and  ingot  number  and  rail  letter  on  it,  and  from  its  bottom 
end  to  break  a  piece  to  represent  the  second  rail  of  the  same  ingot. 
This  requirement  continued  to  all  of  the  rails  of  the  ingot  as  far  as 
necessary,  and  it  was  found  possible  to  accomplish  the  desired  end 
easily.  A  little  care  in  the  distribution  in  front  of  the  straightening 
presses  of  the  rails  from  the  hot  beds  made  the  identification  possible 
without  the  necessity  for  extended  searching,  and  when  the  particular 
rail  for  retest  was  located,  it  was  marked  and  in  due  course  taken 
to  the  nearest  straightening  press,  where  a  piece  readily  was  broken 
from  its  lower  or  back  end  and  the  fracture  scrutinized  by  the  inspector 
without  delay  or  trouble  to  the  regular  operation  of  the  mill.  In  fact, 
no  greater  trouble  arose  with  regard  to  locating  and  making  the  neces- 
sary retests  than  is  demanded  in  any  mill  when  all  the  top  rails  of  a 
heat,  or  even  a  whole  heat,  have  to  be  located  and  identified  in  order 
to  comply  with  rejection  requirements,  a  matter  of  more  or  less  every- 
day occurrence  in  some  mills. 

Undeniably  the  judging  of  the  fractures  produced  by  the  nick  and 
break  test  is  a  matter  of  great  importance,  and  requires  the  services 
of  experienced  and  competent  men ;  but  so  do  all  the  detailed  parts  of 
intelligent  and  efficient  rail  inspection;  in  fact,  the  same  statement  can 
be  truthfully  made  in  regard  to  every  detail  of  steel  rail  making.  The 
trend  of  all  matters  pertaining  to  rails  is  indisputably  toward  obtain- 
ing a  safer  and  better  wearing  product,  railroad  officials  and  manu- 
facturers alike  being  more  appreciative  of  conditions  in  this  respect 
than  ever  before ;  this  attitude,  no  doubt,  being  stimulated  because  of 
the  activities  of  the  different  Governmental  and  State  Commissions. 
Recent  improvements  in  mill  practice  have  been  acknowledged,  and  it 
is  equally  true  that  railroads  are  taking  greater  pains  than  formerly 
with  the  maintenance  of  their  tracks  and  equipment,  and  thus  of  greatly 
increased  importance  is  the  employment  of  experienced  and  competent 
inspectors  with  whom  to  entrust  the  duties  of  rail  inspection.  Any 
specification  and  any  detail  of  inspection  becomes  a  hardship  to  the 
manufacturer  and  wasted  expenditure  to  the  purchaser  when  inexperi- 
enced and  incapable  inspectors  are  employed,  and  under  such  circum- 
stances the  nick  and  break  test  specification  is  of  no  greater  assurance 
against  accepting  bad   rails  than  it   is   against   making  bad   steel. 

Among  the  questions  that  have  been  raised,  in  the  discussion  of 
the  nick  and  break  test  specification,  has  been  that  as  to  how  well  the 
fracture  of  the  crop  end  of  the  top  rail  of  each  ingot  predicated  the 
conditions  as  to  soundness  and  homogeneity,  considered  in  either  a 
chemical  or  physical  sense,  which  would  exist  in  the  rails  which  were 
accepted  under  this  specification.  IFor  the  purpose  of  investigating  this 
phase  of   the    matter,    a  series  of   special   tests   were    made,   the   idea   in 
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mind  being  to  examine  fractures  made  in  rails  which  had  been  accepted 
under  the  specification,  and  which,  therefore,  represented  conditions 
occurring  farther  down  from  the  top  of  the  ingots  where  it  might  be 
presumed  secondary  pipes  or  possible  segregation  could  exist.  These 
tests  were  made  in  the   following  order  and  with  the  results  shown : 

First: 

The  top  9  ft.  of  25  "A"  rails  that  had  successfully  passed  the  nick 
and  break  test,  and  been  accepted  for  shipment,  were  "each  broken  into 
four  pieces,  producing,  therefore,  100  fractures,  all  of  which  were  found 
free  from  signs  of  interior  defects,  except  in  one  case  where  each  of  the 
four  fractures  from  the  same  rail  showed  traces  of  slight  segregation, 
limited  in  extent  to  the  area  of  the  web.  (This  case  was  No.  7451-11, 
the  photographs  of  picric  acid  etchings  with  analyses  of  which  follow.) 

A  careful  record  was  taken  as  to  the  amount  of  top  discard  originally 
occurring  on  the  ingots  from  which  these  "A"'  rails  were  rolled,  and  it 
was  found  that  the  fractures  thus  produced  represented  amounts  of  from 
8  to  25  per  cent,  from  the  top  of  the  ingots.  Chemical  analyses  for  car- 
bon (by  combustion)  were  made  on  the  pieces  originally  used  for  the 
nick  and  break  test  on  these  rails,  so  that  a  comparison  could  be  obtained 
of  the  inspector's  judgment  as  to  segregation  as  evidenced  by  the  fracture, 
and  that  indicated  by  analyses  of  the  drillings  taken  from  the  junction  of 
the  head  and  web  and  the  corner  of  the  head.  The  chemical  results  ob- 
tained were : 

TABLE  2. 


Carbon  (by 

combustion) 

Per  Cent,  of 
Segregation. 

Sample  No. 

At  corner 

At  junction 

of  head. 

of  head  and  web. 

1533-12 

.66 

.73 

10.6 

3366-  4 

.63 

.728 

15.5 

-11 

.60 

.81 

35.0 

3367-  7 

.67 

.636 

-5.0 

4433-17 

.657 

.724 

10.2 

5490-  4 

.62 

.727 

17.2 

-  5 

.635 

.70 

10.2 

-  6 

.666 

.656 

-1.5 

-  8 

.63 

.67 

6.3 

5497-  1 

.643 

.683 

6.2 

-  5 

.65 

.65 

0.0 

-  6 

.66 

.61 

-7.6 

-  8 

.64 

.686 

7.2 

-  9 

.636 

.645 

1.4 

-11 

.636 

.666 

4.7 

-14 

.645 

.635 

-1.5 

7451-  1 

.66 

.63 

-4.5 

-  4 

.64 

.65 

1.5 

-  8 

.62 

.62 

0.0 

-11 

.63 

.64 

1.6 

7452-  7 

.64 

.63 

-1.5 

-13 

.62 

.67 

8.0 

-16 

.625 

.643 

2.8 

7460-  9 

.623 

.60 

-3.6 

-16 

.636 

.61 

-4.1 
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Second: 

In  order  to  demonstrate  more  fully  the  possibility  of  interior  defects 
occurring  even  farther  down  in  "A"  rails,  three  of  the  accepted  "A"  rails 
were  entirely  broken  up  into  short  pieces,  and  each  fracture  was  carefully 
examined.  No  fracture  thus  produced  showed  the  presence  of  interior 
defect. 

Third: 

In  order  to  more  fully  investigate  this  important  matter,  three  "B" 
rails  were  selected,  which  had  been  rolled  directly  adjoining  some  of  the 
"A"  rails  mentioned  above  in  "First,"  and  the  top  9  ft.  of  each  was 
broken  into  four  pieces,  with  the  result  that  none  of  the  12  fractures 
thus  obtained  at  distances  approximating  40  per  cent,  from  the  top  of 
the  ingots  from  which  these  rails  were  rolled,  showed  any  signs  of  in- 
terior defect. 

It  will  be  noted  that  the  nick  and  break  test  specification  does  not 
require  a  specific  amount  of  discard  from  the  top  of  the  ingots,  that 
matter  being  left,  as  it  is  under  the  A.  R.  E.  A.  specification,  to  the 
judgment  of  the  mill  management  for  regulating.  The  practice  at 
Algoma  in  this  respect  was  to  continue  shearing  from  the  top  of  each 
ingot  until  the  appearance  of  the  front  end  of  the  blooms  indicated  that 
sound  metal  had  been  reached,  and  some  ingots,  therefore,  showed  more 
top  discard  than  others.  Bearing  this  practice  in  mind,  the  above  special 
tests  are,  we  think,  fairly  convincing  of  the  fact  that  the  fracture  ex- 
amined under  the  nick  and  break  test  specification  is  admirably  indicative 
of  conditions  occurring  in  the  rails  directly  represented.  As  illustrative 
of  the  above  mentioned  results  of  these  special  tests,  we  show  photographs 
of  picric  acid  etchings,  with  analyses,  of  representative  rails  that  were 
tested  as  described,  and  these  are  especially  interesting  and  worthy  of 
close  study,  particularly  in  view  of  some  conditions  which  will  later  be 
touched  upon. 

(See  photographs  of  etchings,  etc.,  on  insertions.) 

Early  in  1915  the  Pennsylvania  Railroad  System  brought  out  a  speci- 
fication for  rails  which  was  later  adopted,  and  a  large  tonnage  subse- 
quently rolled  under  its  provisions.  It  contained,  in  addition  to  the  drop 
test  requirements,  virtually  the  same  as  those  above  given  for  the  A.  R. 
E.  A.  specification,  the  following  requirements  as  to  chemical  composition : 

For  Open-Hearth  process,  a  check 
analysis  will  be  made  by  the  purchaser 
of  a  piece  of  rail  representing  a  melt, 
after  the  rails  from  that  melt  have 
passed  the  physical  requirements.  On 
request  of  the  inspector,  and  in  his 
presence,  the  manufacturer  shall  fur- 
nish from  one  of  the  drop  test  pieces 
representing  the  melt,  drillings  satisfac- 
tory to  the  inspector,  taken  with  a  $4- 
inch  drill,  parallel  to  the  axis  of  the 
rail,  at  a  point  one-third  of  the  dis- 
tance from  the  upper  corner  to  the  cen- 
ter  of  the   head,  as   shown   at   location 


I  inch 
Drillings 
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"O."  The  analysis  from  these  drillings  shall  conform  to  the  chemical 
requirements  specified,  viz. : 

Elements.  Per  Cent. 

Carbon    0.60  to  0.75 

Phosphorus   Not  to  exceed  0.04 

Manganese    0.60  to  0.90 

Silicon    0.10  to  0.30 

and  failure  to  meet  these  requirements  shall  be  sufficient  cause  for  the 
rejection  of  the  entire  melt. 

After  the  rail  has  passed  the  physical  requirements,  additional  drill- 
ings will  be  taken  from  the  same  rail,  and  in  the  same  manner  as  speci- 
fied above,  at  the  junction  of  the  head  and  web,  as  shown  by  location 
"M."  The  carbon  determination  from  these  drillings  shall  be  within  12 
per  cent,  of  the  amount  found  at  location  "O."  If  the  test  from  the  top 
rail  fails  to  meet  this  requirement,  all  top  rails  from  the  melt  shall  be 
rejected,  and  a  similar  determination  shall  be  made  from  location  "M" 
of  a  second  rail.  If  this  test  fails,  all  the  second  rails  from  the  melt 
shall  be  rejected,  and  a  similar  determination  shall  be  made  from  loca- 
tion "M"  of  a  third  rail.  If  this  test  fails,  all  the  remaining  rails  from 
the  melt  shall  be  rejected. 

If,  however,  the  segregation  found  at  location  "M"  in  any  rail  in  a 
rolling  exceeds  25  per  cent.,  when  determined  as  provided  for  above,  the 
progressive  testing  of  the  second  and  third  rails  will  not  be  permitted 
on  any  subsequent  melts ;  but  on  such  melts  the  failure  of  the  top  rail  to 
pass  the  requirements  provided  for  above  will  cause  the  rejection  of 
the  entire  heat. 

The  intent  of  this  specification  is,  obviously,  to  protect  against  the 
acceptance  of  segregated  rails,  such  as  are  found  among  those  rolled 
from  the  top  of  the  ingot.  The  Pennsylvania  practice  regarding  the 
physical  test  pieces  is  based  on  the  principle  that  the  fracture  must  show 
an  actual  pipe  in  order  for  rejection  on  account  of  interior  defect  to 
be  made,  it  being  considered  that  the  above-mentioned  chemical  stipula- 
tions are  sufficient  to  prevent  shipment  of  rails  whose  fractures  might 
also  show  segregation.  The  wisdom  of  these  specifications  has  been 
questioned,  because,  as  will  be  seen  at  a  glance,  the  chemical  analysis, 
whereby  the  degree  of  segregation  is  determined,  is  made  on  a  piece  of 
rail  selected  from  an  individual  ingot  of  a  heat.  Thus  it  may  happen 
that  the  one  ingot  selected  may  be  the  only  one  in  the  heat  which  was 
sufficiently  bad  to  have  required  rejection,  while,  on  the  other  hand,  the 
assumption  is  equally  possible  that  the  ingot  represented  may  have  been 
the  only  good  one  in  the  heat. 

It  was  but  natural  that  a  discussion  of  the  merits  of  the  nick  and 
break  test  specification  versus  the  Pennsylvania  specification  should  ensue. 
Questions  arose  as  to  whether  or  not  the  examination  of  the  fractures 
obtained  under  the  nick  and  break  test  specification  for  the  presence 
of  segregation  was  sufficient  to  be  used  in  lieu  of  the  expensive  plan 
adopted  by  the  Pennsylvania,  and  to  thus  serve  as  protection  against 
acceptance  of  segregated  rails.  As  has  been  previously  pointed  out,  there 
is  nothing  particularly  new  in  the  matter  of  judging  the  quality  of  steel 
from  its  fracture,  and  while  we  do  not  presume  to  say  at  this  time  that 
it  is  possible  to  judge  accurately  of  the  carbon  content  of  the  steel  from 
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an  examination  of  a  rail  fracture,  still  we  think  it  possible  for  a  careful 
examination  by  an  experienced  man  to  reveal  such  a  possible  disparity  in 
the  distribution  of  the  carbon  of  the  metal  throughout  the  section  as  to 
determine  whether  or  not  the  rail  is  harmfully  segregated.  Thus  we 
again  emphasize  the  importance  of  the  accurate  judging  of  the  fractures 
produced  by  the  nick  and  break  test,  and  the  necessity  of  having  experi- 
enced and  competent  men  for  that  duty. 

In  order  to  compare  the  results  obtained  by  judging  segregation  from 
the  fracture  with  those  obtained  by  the  method  laid  down  by  the  Pennsyl- 
vania specification,  the  following  analyses  for  carbon  by  combustion  were 
made  on  nick  and  break  test  pieces  selected  at  random,  the  fractures  of 
which  in  some  cases  showed  no  signs  of  segregation  to  the  eye,  while 
in  other  cases  they  did.  The  drillings  for  analyses  were  taken  from 
locations  approximating  those  laid  down  by  the  Pennsylvania  specifica- 
tion,  but   it   should   be   noted    that   because   of   a   considerable   difference 


TABLE  3. 

ANALYSES  OF   NICK  AND   BREAK  TEST   FRACTURES  NOT  SHOWING 
SEGREGATION,  AND  ON  WHICH  "A"  RAILS  WERE  ACCEPTED. 


Carbon  (combustion) 

Sample  No. 

Penn.  location. 

Per  Cent. 

Carbon  at 

Segregation. 

center  of  web. 

O 

M 

1577-  1 

.55 

.707 

28.5 

.76 

-  2 

.52 

.73 

40.4 

.76 

-  5 

.51 

.60 

17.6 

.67 

-  8 

.503 

.645 

20.7 

.75 

-10 

.50 

.76 

52.0 

.80 

-12 

.525 

.593 

12.9 

.57 

-15 

.52 

.69 

32.6 

.785 

-16 

.534 

.73 

36.7 

.695 

2509-10 

.62 

.64 

3.2 

.69 

-12 

.62 

.645 

4.0 

.66 

-13 

.62 

.645 

4.0 

.62 

3367-  1* 

.65 

.75 

15.4 

-  2 

.58 

.64 

10.3 

3426-  2 

.59 

.66 

11.8 

.71 

-  5 

.522 

.715 

36.9 

.74 

-11 

.637 

.66 

3.6 

.66 

-15 

.572 

.593 

3.6 

.60 

-16 

.61 

.655 

7.3 

.66 

3427-  1 

.59 

.614 

4.0 

.62 

-  7 

.59 

.62 

5.0 

.64 

-12 

.593 

.61 

2.8 

.66 

6446-  8 

.61 

.59 

3.2 

.60 

-10 

.61 

.66 

8.2 

.705 

-11 

.60 

.61 

1.6 

.64 

-13 

.62 

.66 

6.4 

.64 

7460-  1* 

.686 

.64 

-6.7 

*Regular  drop  test  pieces    as  would  have  been  analyzed  under  the 
Pennsylvania  specification. 
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TABLE  4. 

ANALYSES  OF  NICK  AND  BREAK  TEST  FRACTURES  WHICH  SHOWED 

SEGREGATION  AND  ON  WHICH  "A"  RAILS  WERE  REJECTED. 


Carbon  (combustion) 

Sample  No. 

Penn. location 

Per  Cent. 
Segregation 

0 

M 

1578-  3 

.63 

.73 

15.8 

-16 

.65 

.73 

12.3 

2510-  5 

.675 

.70 

3.7 

3427-  5 

.604 

.645 

6.8 

-13 

.574 

.62 

8.1 

3428-10 

.68 

.80 

17.6 

3429-  1 

.59 

.94 

59.3 

6445-  3 

.64 

.735 

14.8 

-  9 

.637 

.71 

11.4 

-11 

.61 

.77 

26.2 

-12 

.65 

.71 

9.2 

6447-16 

.543 

.81 

49.1 

between  the  section  of  the  Pennsylvania  rail  and  that  which  was  being 
tested,  there  is  a  slight,  but  probably  immaterial,  difference  with  respect 
to  the  location  of  drillings  called  "M";  with  the  result  that  on  the  rails 
tested,  the  two  holes,  "O"  and  "M,"  are  slightly  nearer  together  than 
would  be  the  case  on  the  Pennsylvania  section  of  rail. 

It  will  be  observed  that  in  some  cases  the  chemical  analyses  for 
carbon  made  on  drillings  taken  in  practical  accord  with  the  Pennsylvania 
plan  as  to  location  and  shown  in  Tables  3  and  4  (to  which  can  also  be 
added  Table  2),  do  not  sustain  the  inspector's  judgment  on  the  question 
of  segregation  as  evidenced  by  the  fracture  of  the  nick  and  break  test  ; 
for  some  samples  showed  segregation  by  chemical  analyses,  while  their 
fractures  were  considered  good,  and  vice  versa.  The  analyses  of  all 
the  samples  taken  that  have  the  percentage  of  carbon  at  the  junction  of 
the  head  and  web  more  than  12  per  cent,  of  that  at  the  corner  of  the 
head  (this  being  the  adopted  limit  of  the  Pennsylvania  specification)  are 
repeated  in  Table  5  for  reference ;  and  those  analyses  representing  the 
contrary  of  the  case,  that  is,  where  the  fracture  showed  segregation,  but 
which  condition  was  not  confirmed  by  the  analyses,  are  also  shown. 

This  condition  of  affairs  seemingly  would  show  that  the  nick  and 
break  test  specification  is  unreliable  on  the  ground  that  it  is  impossible 
to  positively  depend  on  the  fractures  obtained  under  it  to  evidence  the 
question  of  segregation ;  and  so  it  would  appear  that,  based  on  the 
character  of  the  fracture,  some  rejections  were  made  that  should  not 
have  been  made ;  while,  on  the  other  hand,  some  rails  were  accepted 
that  should  have  been  rejected,  bearing  in  mind,  of  course,  the  limita- 
tions regarding  segregation  as  adopted  by  the  Pennsylvania  specification. 
Assuming  that  this  was  the  case,  and  it  is  not  unreasonable  to  expect 
that  a  few  errors  would  be  made  in  the  judging  of  something  like  20,000 
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fractures,  it  is  worthy  of  note  that  the  loss  of  rejected  rails  to  the  manu- 
facturer, and  the  additional  protection  afforded  to  the  purchaser  are 
respectively  so  little  and  so  great  by  comparison  with  the  A.  R.  E.  A. 
specification,  as  to  more  than  offset  any  objections  raised  on  this  ground. 
Notwithstanding,  we  do  not  believe  that  the  seemingly  paradoxical  situa- 
tion, as  forecasted  by  Table  5,  exists  to  the  extent  indicated,  and  we  feel 
confident  that  a  further  study  of  the  facts  will  throw  new  light  on  the 
situation  and  tend  to  dispel  the  presumption  of  inaccuracy.  At  the  outset 
we  submit  that  the  taking  of  drillings  and  the  making  of  analyses  from 
as  few  as  two  definitely  prescribed  locations  on  the  cross-section  of  a 
rail,  does  not  by  any  means  positively  determine  the  presence  of  harmful 
or  dangerous  segregation. 

TABLE  5. 


Representing 

Sample 
No. 

Carbpn   (com- 
bustion) 
Penn.  location 

Per  Cent. 
Segre- 
gation. 

0 

M 

Original  nick  and  break  tests 
of  accepted   "A"   rails.     See 
Table  2. 

3366-  4 

-11 

5490-  4 

.63             .728 
.60             .81 

.62             .727 

15.5 

35.0 
17.2 

Original  nick  and  break  tests 
of  accepted   "A"  rails.     See 
Table  3. 

1577-  1 

-  2 

-  5 

-  8 
-10 
-12 
-15 
-16 

3367-  1 
3426-  5 

.55 

.52 

.51 

.503 

.50 

.525 

.52 

.534 

.65 

.522 

.707 

.73 

.60 

.645 

.76 

.593 

.69 

.73 

.75 

.715 

28.5 
40.4 
17.6 
20.7 
52.0 
12.9 
32.6 
36.7 
15.4 
36.9 

Original  nick  and  break  tests 
which     showed     segregation 
causing     rejection     of     "A" 
rails.     See  Table  4. 

2510-  5 
3427-  5 

-13 
6445-  9 

-12 

.675 
.604 
.574 
.637 
.65 

.70 

.645 

.62 

.71 

.71 

3.7 

6.8 

8.1 

11.4 

9.2 

Many  investigations  as  to  piping  and  segregation  in  ingots  have  been 
made,  and  many  published  reports  are  available  showing  the  results  and 
conclusions  reached.  Invariably,  these  investigations  have  been  primarily 
for  the  purpose  of  finding  the  extent  of  piping  and  segregation,  especially 
with  respect  to  the  depth  in  the  ingot  to  which  these  conditions  may 
extend,  and,  in  addition,  the  general  shape  and  size  of  the  localities 
affected.  Such  studies  commonly  have  been  made  on  vertical  longitudinal 
sections  of  ingots;  that  is,  the  ingots  or  blooms  have  been  split  near 
their  vertical  axes,  and  probably  one  plane  of  the  axial  section  etched, 
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while  the  other  plane  has  been  carefully  analyzed  by  taking  a  large 
number  of  drillings  from  various  locations.  Among  the  conclusions 
reached  is  the  fact  that  the  pipe  is  a  kind  of  inverted  bell-shaped  cavity 
more  or  less  frequently  bridged  over  in  places  and  extending  to  various 
depths  in  different  ingots.  Further,  it  has  been  concluded  that  the  region 
of  segregation  is  largely  complementary  to  the  cavity  or  pipe,  that  is, 
the  mass  of  segregated  metal  is  chiefly  a  belly-shaped  portion  enclosing 
the  cavity  and  other  parts  of  the  physically  unsound  metal  generally 
existing  in  the  top  of  ingots  and  extending  downward  to  various  depths. 
Strangely,  these  conclusions  have  been  reached,  as  the  published  investiga- 
tions would  indicate,  without  a  consideration  or  study  by  chemical  survey 
of  cross-sections  of  ingots  at  various  distances  from  their  tops,  and  the 
lack  of  such  studies  would  appear  to  raise  an  important  question  involving 
segregation. 

To  make  clear  the  question  now  raised,  Fig.  4  is  submitted,  in  which 
"A"  shows  an  ingot  originally  examined  at  the  Watertown  Arsenal,  and 
reported  in  their  "Tests  of  Metals"  for  1909.  It  is  a  vertical  longitudinal 
section  one  inch  from  the  axis.  With  customary  methods  of  making  a 
chemical  survey,  we  will  assume  that  the  carbon  at  the  location  shown 
by  the  circle  (viz.,  on  drillings  taken  at  right  angles  to  the  plane  of  the 
section  of  the  ingot)  is  .70  per  cent.  Assuming  now  that  a  half  cross- 
section  of  the  ingot  was  taken  through  this  circle  as  shown  at  "B"  in 
Fig.  4,  and  it  by  no  means  follows  that  the  carbon  content  at  a  point 
equidistantly  located  from  the  axis  on  the  cross-section,  as  shown  by  the 
circle  there,  would  also  be  .70  per  cent. ;  in  fact,  we  think  conditions  are 
very  much  against  such  being  the  case.  In  the  first  place,  the  fact  that 
most  ingots  cast  are  not  strictly  square,  and  that  the  rate  of  cooling  is 
retarded  more  in  one  direction  than  in  the  other,  would  no  doubt  tend 
to  prevent  anything  like  a  uniform  distribution  of,  for  example,  carbon, 
on  cross-sections  near  the  top,  and  with  respect  to  equal  distances  from 
the  axes.  In  the  second  place,  steel  solidfying  in  the  molds  does  not 
always  show  the  effects  of  such  complete  deoxidation  as  to  make  it  lie 
entirely  quiet,  a  condition  frequently  resulting  in  the  boiling  or  raising 
up  of  a  portion  of  the  top  of  the  ingots  and  producing  the  commonly 
styled  "boiled"  or  "horny  topped"  ingots.  With  such  ingots  it  seems  rea- 
sonable to  assume  that  there  must  be  strong  eddies  or  currents  created 
in  a  vertical  direction  in  parts  of  the  solidifying  steel,  with  the  result 
that  those  metalloids  possessing  the  segregating  characteristics  would  seek, 
as  long  as  it  is  possible  for  them  to  do  so,  the  paths  of  least  resistance, 
and  would  ultimately  become  solidfied  in  the  vertical  channels  so  formed. 
Thus  the  conclusion  is  reached  that  the  cross-section  of  an  ingot,  if 
critically  examined  chemically,  would  be  found  to  show  largely  varying 
amounts  of  carbon,  phosphorus,  and  sulphur  in  very  small  areas,  arranged 
in  some  manner  entirely  impossible  of  predetermination,  and  dependent 
on  unforeseen  and  uncontrollable  conditions,  for  which  each  ingot  would 
of  course  be  a  unit  unto  itself. 
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Half      Cross-section      of      Ingot 
through  Location  for  Drill- 
ings as  shown. 


Vertical   Longitudinal    Section    of 
Watertown  Ingot. 


Fig.  4. 
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That  such  conditions  do  actually  exist  is  evident  from  a  chemical 
survey  of  a  cross-section  of  a  rail,  being  No.  4433-17,  sample  No.  5, 
shown  among  the  photographs  of  etchings.  The  results  of  this  survey 
are  shown  on  Fig.  5.  The  amounts  of  carbon  and  phosphorus  are  given 
for  each  location,  the  small  holes  having  been  made  with  a  ^4-inch  drill, 
and  the  large  holes,  which  were  the  original  locations  of  the  drillings, 
having  been  made  with  the  customary  5^-inch  drill.  Regardless  of  the 
characteristic  segregated  core,  the  lack  of  a  uniform  distribution  of 
carbon  and  phosphorus  is  plainly  seen,  showing  that  within  reasonably 
small  areas  the  segregating  elements  may  vary  considerably.  It  will  be 
observed  that  the  average  carbon  for  the  major  portion  of  the  head  is 
.04  per  cent,  less  than  the  average  carbon  of  a  similar  portion  of  the 
base,  a  condition  probably  often  created,  and  which,  if  as  in  this  case, 
was  possible  of  a  definite  reversal,  would  result  in  producing  rails  with 
hard  steel  heads  and  somewhat  softer  steel  bases,  theoretically  making 
very  desirable  rails. 

As  further  proof  of  the  peculiar  segregating  conditions  in  cross- 
sections,  we  give  Fig.  6,  in  which  "X"  represents  the  base  of  a  rail  which 
broke  at  the  drop  test  without  exhibiting  the  slightest  sign  of  segregation, 
but  which  showed  a  fracture  seeming  to  indicate  by  radiating  lines  its 
progress  from  a  common  point,  something  after  the  fashion  shown. 
Fractures  showing  these  characteristics  are  of  almost  daily  occurrence, 
sometimes  the  lines  radiating  from  a  common  point  in  the  head  of  the 
rail,  and  at  other  times,  as  shown,  from  a  common  point  in  the  base  of 
the  rail.  "Y"  shows  the  locations  on  this  piece  of  rail  of  drillings  for 
analyses  taken  with  a  ^j-inch  drill  all  within  the  area  of  a  j^-inch  circle, 
and  from  the  results  of  carbon  obtained  on  these  samples  it  will  be  seen 
that  there  is  a  maximum  difference  of  .14  per  cent,  in  the  five  samples. 
If  drillings  had  been  taken  with  a  ^s-inch  drill  with  the  central  hole  as 
a  center,  it  is  reasonable  to  assume  that  the  carbon  of  such  would  have 
been  the  average  of  all,  which  was  .835  per  cent.,  notwithstanding  that 
more  careful  examination  shows  that  within  the  small  area  of  this  ^-inch 
drill,  the  carbon  actually  did  vary  .14  per  cent.  No  doubt  the  small  area 
of  high  carbon  was  the  actual  nucleus  of  the  original  fracture. 

Thus  it  will  be  seen  that  the  elements  which  segregate  in  ingots 
doubtless  occur  to  a  large  extent  in  vertical  lines  or  striations,  after  the 
manner  of  stalactites  hanging  from  an  imaginary  roof  which  is  really 
the  top  of  the  ingot.  The  question  of  segregation  then  as  determined 
by  drillings  taken,  for  example,  from  the  corner  of  the  head  of  a  rail  and 
the  junction  of  the  head  and  web,  may  or  may  not  be  representative  of 
the  actual  conditions,  depending  upon  whether  the  drills  happen  to  find 
striae  of  the  segregating  metalloids. 

Going  back  to  the  question  raised  by  Table  5,  we  had  several  new 
nick  and  break  test  fractures  made  on  pieces  of  the  original  crop  ends 
used  by  the  inspector,  and  we  found  that  in  every  case  the  inspector's 
judgment  as  to  the  appearance  of  segregation  on  the  fractures  was  cor- 
rect.    Similarly,  the  analyses  of  several  pieces  were  duplicated  carefully, 
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Fig.  5. 

Carbon   and   Phosphorus   at   Locations    Shown   on    Section   of   Rail 
from  Heat  4433;   16  Per  Cent,  from  Top  of  Ingot  No.  17. 
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"X" — showing  a  characteristic  fracture,  of  rails  hroken  under  the  drop 
test  which  seemingly  has  lines  radiating  from  a  nucleus. 


16  s 


"Y" — showing  how  drillings  were  taken  with  an  Yz-'m.  drill,  with  No.  i 
at  the  above-mentioned  nucleus  and  Nos.  2,  3,  4  and  5  surrounding  it. 
All  of  the  5  holes  would  have  been  enclosed  by  a  5^-in  hole. 

The  carbon  at  No.  1  was  .816  per  cent. 
The  carbon  at  No.  2  was  .76  per  cent. 
The  carbon  at  No.  3  was  .908  per  cent. 
The  carbon  at  No.  4  was  .883  per  cent. 
The  carbon  at  No.  5  was  .812  per  cent. 
Average  carbon    835  per  cent. 


Fig.  6. 
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Fig.  7. 

Photograph  No.   1057.     Fracture  of  Sample  Rail  No.  6445-9,  Showing 

Segregation  in  the  Center  of  the  Web,  but  Which  Does  Not 

Extend  Into  the  Head. 

Per  Cent.  Carbon 
Pennsylvania  Location.  by  Combustion. 

Corner   of   head 637 

Junction  of  head  and  web 71 

Per   cent,   of   segregation *M 

Center   of   web • 7° 

Per  cent,  of  maximum   segregation 22.4 
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Fig.  8. 


Photograph    No.    1058.     Sample    No.    1577-2.     Fracture    Shows    Abso- 
lutely Clear  of  Segregation. 

Per  Cent.  Carbon 
Pennsylvania  Location.  by  Combustion. 

Corner  of   head 52 

Junction  of  head  and  web 73 

Per   cent,   of   segregation 40.4 

Center   of   web ' 76 

Per  cent,  of  maximum   segregation 46.1 
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with  no  appreciable  difference  in  the  results  as  above  reported.  With 
respect  especially  to  the  pieces  representing  "A"  rails  that  were  rejected 
on  the  original  nick  and  break  test,  it  was  found  that  the  evidence  of 
segregation  seen  in  the  fracture  was  localized  in  the  area  of  the  web, 
and  plainly  did  not  extend  into  the  head  sufficiently  to  be  reached  when 
taking  drillings  for  analyses  from  the  prescribed  locations.  Thus  the  Penn- 
sylvania specification  would  fail  to  detect  segregation  in  those  instances, 
yet   the   rails    plainly   were    segregated. 

This  condition  is  shown  by  Fig.  7,  which  is  a  photograph  of  an 
actual  fracture  of  the  second  nick  and  break  test  made  as  above  'men- 
tioned, and  on  which  the  fine  grained  metal  in  the  web  plainly  shows 
segregation.  The  analysis  of  this  sample  shows  that  the  segregation 
evidently  tapers  off  near  the  junction  of  the  head  and  web  so  that  the 
drillings  taken  from  the  prescribed  locations  do  not  reveal  the  true  extent 
of  the  segregation  as  manifested  when  taking  drillings  from  the  center 
of  the  web. 

With  respect  to  the  contrary  condition,  that  is,  where  the  fracture  is 
clear  of  segregation,  but  where  chemical  analysis  shows  it  to  exist,  atten- 
tion is  directed  to  Fig.  8,  which  is  also  a  photograph  of  an  actual  frac- 
ture as  produced  by  the  second  nick  and  break  test  above  mentioned. 
It  is  absolutely  clear  of  signs  of  segregation,  but  chemical  analysis  shows 
it  to  be  segregated  to  the  extent  of  40.4  per  cent,  for  carbon  as  between 
the  corner  of  the  head  and  the  junction  of  the  head  and  web,  while  the 
maximum  segregation,  considering  drillings  from  the  center  of  the  web. 
amounts  to  46.1  per  cent.  The  results  obtained  indicate  that  the  drilled 
locations  happened  to  contain  striations  of  the  segregating  elements,  par- 
ticularly carbon,  and  that,  as  in  the  case  covered  in  connection  with 
Fig.  6,  the  high  percentage  of  carbon  exists  in  such  minute  areas  as  to 
fail  to  be  detected  by  a  close  examination  of  the  original  fracture. 

In  conclusion,  we  express  the  hope  that  further  investigation  and 
study  of  the  cross-sectional  results  of  segregation  will  be  made,  and  the 
effects  of  segregation  in  rail  sections  more  fully  established.  We  appre- 
ciate, of  course,  the  importance  of  having  any  accepted  test  an  accurate 
gage  of  the  degree  of  segregation  that  might  be  harmful  to  the  service- 
ability of  the  rails ;  and,  at  the  same  time,  based  on  the  observation  of 
the  application  of  the  nick  and  break  test  to  so  large  a  production  of 
rails,  we  consider  that  it  has  clearly  established  its  reliability  as  a  protec- 
tion against  the  acceptance  of  rails  having  pipes,  laps  or  any  interior 
mechanical  defects.  We  think  the  nick  and  break  test  made  on  every 
ingot  is  a  step  forward  in  the  testing  of  manufacture,  and  insures  greater 
protection  to  the  purchasers  of  steel  rails  than  is  given  by  any  other 
existing  specification ;  and,  at  the  same  time,  it  conserves  the  interests 
of  the  makers,  and  is  executed  with  a  minimum  of  expenditure  of  money. 


PLATE   1 


Heat  No.  5497,  Ingot  No.  i,  Sample  No.  7,  Photograph  No.  1036. 

Etching  of  a  section  6  ft.  6  in.  from  top  of  "B"  rail.     The  fracture 
showed  no  sign  of  interior  defect. 

Approximate  distance  from  top  of  ingot,  35.2  per  cent. 

Junction  of 

Analysis.  Corner  of  head,     head  and  web. 

Carbon  by  combustion 64  .66 

Per  cent,  of  segregation 3.1 
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PLATE  2 


Heat  No.  5497,  Ingot  No.  15,  Sample  No.  3,  Photograph  No.  1049. 

Etching  of  a  section  from  bottom  of  "A"  rail.    The  fracture  showed 
no  sign  of  interior  defect. 

Approximate  distance  from  top  of  ingot,  30.6  per  cent. 

Junction  of 

Analysis.  Corner  of  head,     head  and  web. 

Carbon   by    combustion 65  .70 
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Etching  of  a  section  from  middle  of  "A"  rail,     The  fracture  ihow< 
■  sign  of  interior  defect. 
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Heat  No.  7451,  Ingot  Xo.  ii,  Sample  No.  2,  Photograph  No.  1054. 

Etching  of  a  section  4  ft.  from  top  of  "A"  rail.     Showed  segregated 
on  fracture. 

Approximate  distance  from  top  of  ingot,  14.5  per  cent. 

Junction  of  Cen- 

Analysis.  Corner  of  head,     head  and  web.      ter  of  web. 

Carbon   by   combustion 65  .671  .757 

Per  cent,  of   segregation 3.2 
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Heat  No.  7451,  Ingot  No.  ii,  Sample  No.  2,  Photograph  No.  1055. 
Etching   of  a  section  adjacent  to  the   fracture  obtained  on   the  ni 
and  break  test  which  showed  no  sign  of  interior  defect. 
Approximate  distance  from  top  of  ingot,  12  per  cent. 
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Heat  No.  7451,  Ingot  No.  ii,  Sample  No.  2,  Photograph  No.  1054. 
Etching  of  a  section  4  ft.  from  top  of  "A"  rail.     Showed  segregated 
on  fracture. 

Approximate  distance  from  top  of  ingot,  14.5  per  cent. 

Junction  of  Cen- 

Analysis.  Comer  of  head,    head  and  web.      ter  of  web. 

Carbon   by  combustion 65  .671  .757 

Per  cent,  of   segregation 3.2 

Per  cent,  of  segregation 16.0  (maximum) 


Per  cent,  of  segregation  of  carbon 1.6. 


PLATE  4 


Heat  No.  4433,  Ingot  No.  17,  Sample  No.  7,  Photograph  No.  1041. 

Etching  of  a  section  6  ft.  6  in.   from  top  of  "B"  rail.     The  fracture 
showed  no  sign  of  interior  defect. 

Approximate  distance  from  top  of  ingot,  35.2  per  cent. 
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PLATE  5 


Heat  No.  5497,  Ingot  No.  2,  Sample  No.  3,  Photograph  No.  1045. 

Etching  of  a  section  from  bottom  of  "A"  rail.    The  fracture  showed 
no  sign  of  interior  defect. 

Approximate  distance  from  top  of  ingot,  30.6  per  cent. 

Junction  of 

Analysis.  Corner  of  head,     head  and  web. 

Carbon  by  combustion 624  .69 

Per  cent,  of  segregation 10.5 
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Etching  of  a  section  from  top  of  "A"  rail.     The  fracture  showed  m 
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PLATE   6 


Heat  No.  7460,  Ingot  No.  4,  Sample  No.  3,  Photograph  No.  1053. 

Etching  of  a  section  from  bottom  of  "A"  rail.     The  fracture  showed 
no  sign  of  interior  defect. 

Approximate  distance  from  top  of  ingot,  30.6  per  cent. 

Junction  of 

Analysis.  Corner  of  head,     head  and  web. 
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REPORT  OF  COMMITTEE  XVI— ON  ECONOMICS   OF 
RAILWAY  LOCATION. 

John  G.  Sullivan,  Chairman;  C.  P.  Howard,  Vice-Chairman; 

F.  H.  Alfred,  Fred  Lavis, 

WlLLARD   BeAHAN,  J.  DEN.      MACOMB,  Jr., 

R.  N.  Begien,  S.  S.  Roberts, 

Maurice  Coburn,  E.  C.  Schmidt, 

D.  F.  Crawford,  A.  K.  Shurtleff, 

A.  C.  Dennis,  L.  L.  Tallyn, 

R.  D.  Garner,  Walter  Loring  Webb, 

A.  S.  Going,  H.  C.  Williams, 

F.  W.  Green,  M.  A.  Zook, 

P.  M.  LaBach,  Committee. 

To  the  Members  of  the  American  Railway  Engineering  Association: 

Your  Committee  on  Economics  of  Railway  Location  is  not  in  shape 
to  submit  any  conclusions  or  recommendations  this  year,  and  therefore 
reports  progress. 

Sub-Committee  No.  4,  under  Prof.  E.  C.  Schmidt  as  Chairman,  did 
some  work  and  sent  out  a  circular,  but  is  not  in  position  at  present  to 
present  information  from  which  we  can  draw  conclusions.  Sub-Com- 
mittee No.  s,  under  Chairman  P.  M'.  LaBach,  made  a  study  and  submitted 
the  result  of  freight  locomotive  tests  on  the  Logansport  Division  of  the 
Pennsylvania  Lines  made  in  1912.  This  shows  results  for  special  condi- 
tions and  are  very  instructive.  It  was  thought  advisable,  however,  not  to 
publish  this  report  at  this  time. 

•  The  Chairman  of  the  Committee  made  a  careful  study  of  the  statis- 
tics of  coal  consumption  in  freight  service  on  the  Western  Lines  of  the 
Canadian  Pacific  Railway  for  the  past  eight  years.  These  studies  have 
convinced  him  that  instead  of  attempting  to  base  coal  consumption  di- 
rectly on  the  amount  of  work  done,  that  it  is  better  to  divide  the  coal 
into  two  factors,  one  varying  directly  with  the  amount  of  work  done 
and  the  other  varying  with  the  engine  miles  run.  As  a  result  of  these 
studies,  the  following  formulae  have  been  adopted  for  Western  Lines  on 
the  Canadian  Pacific  Railway : 

Single-Track  Operation. — Fairly  busy  lines,  3.5  lbs.  coal  per 
calculated  horsepower  hour,  plus  70  lbs.  coal  per  engine  miles  run. 

Double-Track  Operation. — 3  lbs.  coal  per  calculated  horse- 
power hour,  plus  60  lbs.  coal  per  engine  miles  run. 

The  above  figures  are  an  average  for  the  year,  for  conditions  on 
the  Canadian  Pacific  Railway  Western  Lines,  using  engines  equipped  with 
superheaters  and  having  drawbar  pull  varying  from  36,000  to  42,000  lbs. 
each.    The  calculated  horsepower  is  the  work  done  overcoming  resistance, 
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lifting  loads  from  a  lower  to  a  higher  elevation  and  overcoming  curve 
resistance.  Acceleration  and  work  done  running  air  pumps  being  in- 
determinate, was  not  taken  into  account  in  the  calculated  horsepower 
hours.  The  amount  of  coal  per  engine  miles  run  covered  the  above 
work  besides  coal  used  in  keeping  steam  up  in  locomotives,  burned  at 
sidetracks  or  wasted  at  roundhouses. 

Respectfully  submitted  for  the  Committee  by 

John  G.  Sullivan,  Chairman. 
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DISCUSSION  ON  SIGNALS  AND  INTERLOCKING. 

(For    Report,    see    pp.    65-75.) 

LIST    OF    SPEAKERS     TAKING     PART     IN     DISCUSSION     ON     SIGNALS     AND     INTER- 
LOCKING. 

C.  C.  Anthony.  C.  E.  Lindsay. 

Chas.  S.  Churchill.  H.  R.  Saffokd. 

The  President : — The  first  Committee  to  present  a  report  is  the  Com- 
mittee on  Signals  and  Interlocking.  The  Committee  will  now  please 
come  forward  and  take  their  places  on  the  platform. 

Mr.  C.  C.  Anthony  (Pennsylvania  Railroad)  : — The  report  is  found 
in  Bulletin  181,  at  page  65.  Of  the  subjects  assigned  to  the  Committee, 
No.  2  is,  "Continue  the  study  of  economics  of  labor  in  signal  main- 
tenance." A  final  report  is  now  submitted!  on  that  subject.  As  stated 
at  the  bottom  of  page  65,  a  progress  report  was  submitted  in  1914.  The 
keynote  of  this  report  will  be  found  in  the  conclusion  near  the  top  of 
page  67  and  that  is  that  cooperation  rather  than  combination  of  forces 
is  the  best  means  for  attaining  efficiency  and  economical  results.  If  there 
is  any  discussion  on  this  report  we  shall  be  glad  to  hear  it. 

The  President : — This  Committee  has  made  no  definite  recommenda- 
tions, as  I  understand.  The  report  is  submitted  as  information.  If 
there  are  any»  questions  anyone  has  to  ask  in  regard  to  the  report,  the 
Chairman  of  the  Committee  will  be  glad  to  answer  them. 

Mr.  Anthony: — If  there  is  no  discussion,  I  move  that  this  report  on 
economics  of  labor  in  signal  maintenance  be  received  as  information 
and  appear  in  the  Proceedings. 

(The  motion  carried.) 

Mr.  Anthony: — Subject  3  is,  "Study  the  problem  of  signaling  single- 
track  roads  with  reference  to  the  effect  of  signaling  and  proper  loca- 
tion of  passing  sidings  on  the  capacity  of  the  line."  The  report  on  this 
subject  begins  on  page  67.  As  stated  in  the  introductory  paragraph, 
the  Sub-Committee  to  which  this  subject  was  assigned  was  very  for- 
tunate in  securing  the  cooperation  of  Mr.  F.  L.  Dodgson,  Consulting 
Engineer  of  the  General  Railway  Signal  Company,  who  subsequently 
became  a  member  of  this  Association  and  was  made  a  member  of  that 
Sub-Committee.  Mr.  Dodgson  has  given  a  good  deal  of  study  to  this 
subject  and  kindly  presented  to  the  Committee  through  the  Sub-Com- 
mittee an  analysis  of  the  location  of  passing  sidings  on  single-track. 
This  analysis,  which  begins  on  page  67  and  continues  to  page  73,  may 
seem  slightly  elementary  at  the  start,  but  the  Committee  feels  that  it  is 
a  very  valuable  contribution  on  the  subject,  as  it  develops  definite 
formulas  for  determining  the  proper  locations  of  passing  sidings — I 
might   say   the   ideal  locations — since   in   many   cases  the  proper  locations 
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are  impracticable ;  and,  on  the  other  hand,  for  determining  the  capacity 
of  the  line  in  trains  of  one  class  with  a  given  arrangement  of  passing 
sidings. 

I  might  say  further  that  Mr.  Dodgson  has  continued  this  work  and 
has  prepared  a  second  chapter  on  the  same  subject,  which  is  now  ready 
for  submission  to  the  Railway  Signal  Association  by  its  committee  on 
Signaling  Practice  and  we  expect  it  will  come  before  this  Association 
next  March. 

That  second  chapter  takes  into  account  the  conditions  brought  about 
by  the  movement  of  trains  at  different  speeds  and  by  the  movement  of 
passenger  trains  on  fixed  schedules. 

I  move  that  the  report  on  capacity  of  single  track  be  accepted  by 
the  Association  as  a  progress  report. 

(The  motion  carried.) 

Mr.  Anthony: — Under  Subject  4,  following  the  action  taken  last 
year,  the  Committee  presents  a  list  of  the  specifications,  standard  draw- 
ings, etc.,  adopted  by  the  Railway  Signal  Association  in  1916 — they  were 
adopted  in  1916  by  letter-ballot,  after  the  convention  of  1915.  As  the 
Association  last  year  accepted  that  list  for  publication  in  the  Manual 
for  the  information  of  the  members,  the  proposal  of  the  Committee  is 
that  this  list  be  accepted  in  the  same  way  as  supplementary  to  the  list 
already  in  the  Manual,  so  as  to  bring  the  information  up  to  date. 

There  is  one  typographical  error  that  I  should  like  to  call  attention 
to,  about  the  middle  of  page  74,  under  the  heading  "Masts,  Signal," 
fourth  line,  "Supports  and  Caps" ;  the  drawing  number  should  be  1022 
instead  of  1023. 

I  now  move  that  this  list  of  the  Railway  Signal  Association  specifi- 
cations and  standards  be  accepted  as  information  and  published  in  the 
Manual  for  the  information  of  the  members. 

(The  motion  carried.) 

Mr.  Anthony : — That  finishes  our  report  so  far  as  completed  material 
goes.  Near  the  bottom  of  page  74  we  state  that  we  are  unable  to  sub- 
mit anything  on  requisites  for  switch  indicators,  Subject  No.  5.  We  are 
studying  that  subject  and  have  prepared  revised  requisites  and  state- 
ments of  the  uses  of  switch  indicators  which  will  cover  both  single- 
track  roads  and  roads  of  two  or  more  tracks.  That  revised  report  is 
now  ready  for  submission  to  the  Railway  Signal  Association  and  we 
expect  it  will  be  brought  here  next  March. 

Mr.  H.  R.  Safford  (Grand  Trunk)  :— Mr.  President,  is  it  in  order 
to  make  a  suggestion  in  connection  with  the  committee  work  for  the 
future? 

The  President : — I  believe  it  is. 

Mr.  Safford : — A  great  deal  of  difficulty  is  being  met  by  railroads, 
at  least  the  railroad  with  which  I  am  connected,  in  working  out  agree- 
ments for  interlocking  plants  due  to  the  fact  that  there  is  not  very 
much  uniformity  in  expressions  in  such  contracts  covering  obligations 
and  the  rights  of  the  various  companies.     It  is  true  that,  in  some  of  the 
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states  we  are  drifting  into  the  practice  of  having  all  crossings  covered 
by  an  order  of  the  Commission,  as  in  Canada,  but  the  efforts  which  are 
•being  made  to-day  by  the  railroads  to  put  into  proper  form  a  contract 
covering  crossings  and  their  protection,  which  have  been  in  use  a  good 
many  years,  without  proper  agreement,  we  are  finding  a  good  deal  of 
trouble  due  to  the  different  practices  as  to  responsibilities  and  obliga- 
tions. I  have  reason  to  believe  that  some  progress  can  be  made  along 
this  line  by  this  Committee.  If  it  is  proper  for  it  to  take  that  step  it 
would  be  necessary  for  the  Committee  to  work  in  some  manner  with  the 
law  departments  of  the  different  railroads,  but  I  have  reason  to  feel, 
from  our  experience  before  regulating  bodies,  that  these  boards  would 
appreciate  and  be  glad  to  get  suggestions  from  the  railroads  along  the 
lines  of  standardizing  agreements.  There  seem  to  be  three  classes  of 
crossing  condition:  (1),  the  simple  crossing  of  the  junior  line  and  the 
senior  line;  (2),  such  a  crossing  with  the  addition  of  functions  for  the 
exclusive  benefit  of  the  senior  line,  and  (3),  where  both  lines  are 
equally  interested.  This  has  gotten  to  be  a  very  important  subject  in 
Canada  and  Michigan,  and  I  presume  in  other  states.  I  would  like  to 
suggest  that  it  be  taken  up  by  the  Committee  and  studied. 

Mr.  C.  S.  Churchill  (Norfolk  &  Western)  :— The  Committee  on  Out- 
line of  Work  has  put  that  subject  down  for  recommendation  to  the 
Board  at  its  meeting  on  Thursday  as  one  of  the  subjects  to  be  taken  up. 
They  propose  to  give  it  to  the  Committee  on  General  Uniform  Contract 
Forms,  with  the  recommendations  that  they  take  it  up  with  the  Signals 
and  Interlocking  Committee. 

The  President : — For  the  information  of  Mr.  Safford  and  members 
of  the  Association  I  will  say  that  this  subject  is  already  before  the  As- 
sociation. We  have  a  Special  Committee  on  Uniform  General  Contract 
Forms  and  that  Committee  has  made  a  progress  report  this  year.  They 
say  they  can  only  report  progress,  but  that  they  are  considering  forms 
for  interlocking  and  railway  crossing  contracts,  so  that  the  matter  is 
being  taken  care  of,  and  the  Committee  on  Outline  of  Work  also  has 
it  in  mind. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  would  like  to  call  at- 
tention to  the  last  recommendation  of  the  Committee,  on  page  75.  The 
situation  presented  is  like  the  play  of  Hamlet  with  Hamlet  left  out.  The 
interlocking  of  drawbridges  concerns  the  bridgeman,  the  signalman  and 
the  trackman.  I  move  that  the  Committee  on  Track  be  added  to  the 
joint  consideration  of  that  subject. 

The  President : — I  think  all  that  is  necessary  to  do  is  to  refer  this 
to  the  Committee  on  Outline  of  Work,  and  the  matter  will  be  brought  to 
the  attention  of  the  Board  at  its  meeting  Thursday.  Are  there  any 
further  suggestions  in  regard  to  these  recommendations  for  next  year's 
work,  or  has  anyone  any  suggestions  to  make  with  reference  to  the  work 
of  this  Committee?  If  not,  the  Committee  will  be  excused  with  the 
thanks  of  the  Association. 
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The  President : — The  next  report  is  that  of  the  Committee  on  Signs, 
Fences  and  Crossings,  and  will  be  presented  by  the  Chairman,  Mr.  W.  F. 
Strouse. 

Mr.  W.  F.  Strouse  (Baltimore  &  Ohio)  : — The  outline  of  work  as- 
signed the  Committee  will  be  found  on  page  77  of  Bulletin  181.  The 
only  portion  of  the  Manual  considered  this  year  was  that  part  bearing 
on  track  construction  and  flangeways  at  street  crossings  and  in  paved 
streets,  which  was  referred  back  to  the  Committee  last  year  for  further 
investigation.  The  results  of  our  investigations  this  year  will  be  found 
on  the  first  seven  pages  of  the  report.  In  view  of  the  many  different 
forms  of  track  construction  in  use  and  the  variety  of  flangeways  found 
by  the  Committee  in  its  investigations,  it  feels  that  the  subject  is  still 
worthy  of  further  consideration,  particularly  that  portion  pertaining  to 
flangeways  in  crossings  of  steam  railroads  and  electric  roads  at  street 
crossings.  There  seems  to  be  considerable  difference  of  opinion  as  to 
the  advisability,  from  an  economic  standpoint,  of  the  use  of  standard 
street  paving,  particularly  the  use  of  the  concrete  base  under  the  ties  and 
between  the  ties.  This  style  of  construction  is  expensive  to  install  at 
first,  and  in  case  of  re-surfacing  or  other  work  on  the  tracks,  in  whole 
or  in  part,  its  removal  is  required.  A  style  of  plank  crossing  was  de- 
signed by  a  committee  of  railroad  and  city  officials  of  Kansas  City,  sev- 
eral years  ago,  which  is  of  rather  cheap  construction  and  seems  to  be 
proving  satisfactory  where  used.  A  modified  plan  of  this  crossing  is 
submitted  with  this  report  (Plate  B),  which  the  Committee  recommends 
for  adoption. 

On  page  81  are  a  series  of  conclusions  prepared  by  the  Committee 
in  regard  to  track  construction  to  meet  different  conditions.  Since  the 
report  was  prepared  and  submitted  I  received  a  communication  relative 
to  the  use  of  60- foot  rails  in  paved  streets,  by  electric  railway  companies, 
with  no  provision  made  for  expansion  or  contraction.  The  question 
is  raised  as  to  whether  this  style  of  construction  would  be  satisfactory 
in  steam  construction  in  paved  streets,  the  point  being  that  the  fewer 
the  joints  the  simpler  the  maintenance  matters   should  be.     This  matter 
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was  brought  to  my  attention  after  the  report  was  made  and  I  simply 
mention  it  so  that  the  matter  can  be  discussed  if  thought  desirable  by 
the  members. 

On  page  83  and  following  the  Committee  submits  some  additional 
information  on  the  matter  of  railway  signs.  This  question  was  gone 
into  rather  fully  several  years  ago,  particularly  the  matter  of  laws 
relating  to  the  use  of  crossing  signs,  trespass  signs,  etc.  This  year  we 
present  some  additional  information  on  signs  governing  the  actions  of 
railroad   employes,  that   is,   the  matter   of  whistle  posts,   ring  signs,   etc. 

On  pages  86  and  87  there  is  given  some  additional  information  on 
the  subject  of  concrete  posts.  The  Committee  was  unable  this  year  to 
secure  any  new  information  on  that  subject.  The  Committee  recom- 
mends that  the  subject  of  flange  ways  be  given  further  consideration 
next  year  and  this  year  submits  for  adoption  and  inclusion  in  the  Manual 
the  crossing  shown  on  Plate  B. 

I  move  the  adoption  and  inclusion  in  the  Manual  of  the  crossing 
plan  shown  on  Plate  B. 

The  President : — There  is  a  motion  that  Plate  B,  accompanying  the 
report  of  this  Committee,  be  adopted  and  included  in  the  Manual.  Are 
there  any  remarks  to  be  made  on  this  motion? 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  want  to  call  attention 
to  the  use  of  the  word  "standard''  cross-section  on  Plate  B.  Unfortu- 
nately, in  the  Manual,  it  has  crept  in  at  a  good  many  places.  I  think 
we  all  recognize  the  objection  to  that  word,  and  I  would  like  to  have 
you  accept  a  substitute,  say  merely  "street  or  highway  crossings"  and 
"types  of  planking  for  street  crossings." 

The  President : — I  think  the  Committee  is  unanimous  in  accepting 
that  suggestion.  They  are  simply  submitting  these  now  as  types  of  con- 
struction and  that  can  be  covered  in  the  same  way  as  we  cover  other 
items.  We  do  not  say  "Standard  cross-section  of  roadbed,"  but  Class  A 
roadbed ;  Class  B  roadbed ;  so  that  this  can  be  considered  in  the  same 
way.  Instead  of  using  the  word  "standard"  they  can  say  "crossing  for 
light  traffic  or  construction  for  light  traffic.  Class  A,"  "Class  B  con- 
struction for  heavy  traffic."     Would  that  be  satisfactory  to  you? 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern): — I  raise  the  ques- 
tion of  the  advisability  of  placing  this  single-step  in  the  "Manual.  I  have 
no  objection  to  this  crossing,  believing  it  is  a  good  one  and,  under  cer- 
tain conditions,  acceptable.  However,  it  is  far  from  covering  the  sub- 
ject. It  cannot  be  universally  used.  There  are  many  places  where 
different  kinds  of  crossings  would  be  required.  It  is  not  sufficiently  per- 
manent for  some  places.  I  do  not  wish  to  enter  into  an  extended  discus- 
sion of  the  merits  of  crossings  at  this  time,  but  I  do  raise  the  points 
above  indicated. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — I  wish  to  sec- 
ond Mr.  Campbell's  motion  and  call  attention  to  one  or  two  other  mat- 
ters. In  the  first  place,  I  do  not  like  the  trail  form  of  flangeway  for 
the  reason  that  it  necessarily  runs  all  the  water  that  accumulates  on  the 
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crossing  into  the  joint.  You  cannot  carry  the  flange  rail  past  the  joint 
and  necessarily  all  the  water  runs  to  the  joint.  We  have  had  lots  of 
flangeways  constructed  in  this  manner,  but  we  are  not  building  them 
to  a  very  great  extent  at  the  present  time.  We  are  using  planks  trimmed 
out  to  fit  against  the  rail,  and  instead  of  using  a  double  plank  for  heavy 
traffic,  as  shown  below,  we  strip  the  ties  and  lay  the  plank  on  the  strips. 
We  do  this  in  order  to  get  away  from  the  heaving  of  the  top  plank, 
which  often  occurs  with  double  plank.  The  water  accumulates  under 
the  upper  plank  and  it  is  difficult  to  get  them  fastened  down  good 
enough  to  prevent  heaving. 

These  are  the  two  objections  which  I  desire  to  make.  I  appre- 
ciate that  any  sort  of  continuous  metal  flangeway  necessarily  has  to  be 
cut  at  the  joints  and  therefore  has  the  same  objection  of  running  water 
to  the  joints.  If  you  have  a  60- ft.  rail  at  the  crossing  that  objection  is 
eliminated,  but  there  are  many  objections  to  the  use  of  60-ft.  rails  or 
any  rails  longer  than  the  standard. 

Therefore,  I  would  like  to  see  the  plan  referred  back  to  the  Com- 
mittee  for   further  consideration. 

Mr.  C.  W.  Baldridge  (Atchison,  Topeka  &  Santa  Fe)  :— There  is  one 
item  the  Committee  appears  to  have  overlooked  in  their  table  of  costs 
at  the  top  of  page  83  where  they  have  recommended  the  use  of  a  9-in. 
girder  rail.  The  use  of  a  9-in.  girder  rail  in  crossings  necessitates  the 
use  of  compromise  joints;  and  the  compromise  joints  for  connecting 
the  ordinary  track  rail  with  a  girder  rail  under  contracts  made  a  number 
of  months  ago  cost  about  $8.50  each  or  about  $34  for  each  crossing. 
If  you  add  that  cost  to  the  cost  of  that  girder  rail  as  given  in  the  table 
it  will  materially  increase  the  cost  of  that  type  of  flangeway. 

Another  factor  which  should  be  followed  up  in  estimating  the  costs 
is  the  credits  of  the  different  types  of  material  whenever  they  must 
come  out  of  the  track.  A  standard  track  rail  headed  in  for  a  flange- 
way can  be  frequently  used  the  second  time.  In  the  case  of  the  girder 
rail  flangeway,  when  it  is  necessary  to  remove  the.  track  rail,  the  flange- 
way must  go  to  the  scrap  pile  along  with  the  track  rail. 

Another  factor  is  in  the  case  of  any  excess  length  of  girder  rail, 
longer  than  the  necessary  width  of  crossing,  the  flangeway  is  a  part  of 
the  rail  and  is  provided  at  an  extra  40-cent  per  foot  expense,  and  must 
go  into  the  cost  of  crossing  and  be  chargeable  to  the  effective  width  of 
crossing,  and  it  seems  to  me  a  careful  consideration  of  the  costs  that 
enter  into  the  use  of  girder  rail  in  a  crossing  will  show  a  considerably 
larger  cost  per  foot  than  this  table  indicates. 

Another  item  which  comes  to  my  mind  from  the  objection  just  offered 
about  the  rail  headed  in  or  any  type  of  continuous  flangeway  leading 
the  water  to  the  joint  is  that  that  can  probably  be  overcome,  ordinarily, 
at  least,  by  drilling  a  few  additional  holes  through  the  web  of  the 
rail  that  is  headed  in,  and  in  that  way  .permitting  the  water  to  pass 
through  it. 
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The  President :— I  fear  you  have  mistaken  the  meaning  of  that  table 
at  the  top  of  page  83.  If  I  understand  that  table  it  is  intended  to  refer 
to  construction  longitudinally  in  a  street,  not  covering  just  a  single 
street  crossing,  but  a  long  stretch  in  a  street.  In  such  cases  as  that,  you 
would  have  a  compromise  joint  at  each  end  of  the  long  stretch,  which 
would  change  the  figures  a  trifle,  but  not  to  any  great  extent. 

Mr.  Baldridge :— As  I  understand  the  report,  that  subject  was  brought 
up  last  year  as  to  whether  it  shall  apply  both  longitudinally  and  in 
crossings,  and  as  I  understand  this  report  it  is  intended  to  apply  both 
ways. 

The    President : — The    Committee    says    not. 

Mr.  Strouse : — Near  the  bottom  of  page  81  mention  is  made  of 
several  types  of  track  construction  in  paved  streets,  in  which  the  girder 
rail  is  recommended,  and  that  table  is  prepared  with  that  in  mind. 

Mr.  Lindsay :— On  page  78,  about  the  eighteenth  line  down,  the 
Committee  says  there  is  no  essential  difference  in  the  principle  involved, 
that  is,  as  between  a  girder  rail  running  longitudinally  and  at  a  crossing. 
The  Committee  also  says  on  page  82,  about  one-third  way  from  the 
bottom :  "The  form  of  flangeway  which  most  nearly  meets  all  require- 
ments, and  at  a  moderate  cost,  is  that  provided  by  the  girder  rail  now 
extensively  used  in  the  construction  of  tracks  in  paved  streets,  and  to 
which  attention  has  already  been  called  in  this  and  previous  reports," 
giving  the  impression  that  this  type  of  structure  is  desirable  under 
certain  conditions  of  crossings.  I  cannot  concede  the  truth  of  that  state- 
ment because  I  think  the  girder  rail  at  a  crossing,  unless  it  is  different 
from  the  girder  rails  of  which  we  now  know  would  not  be  safe  at 
high-speed  points.  There  is  also  the  desirability  of  the  continuity  of 
the  structure  at  a  point  of  that  kind. 

The  President : — I  rather  fear  you  have  misread  their  meaning.  It 
may  not  be  entirely  plain,  but  it  seems  to  be  the  thought  in  this  report 
that  this  kind  of  construction  is  only  to  be  laid  in  long  stretches  in  a 
street,  and  not  just  across  a  street  crossing,  and  the  Chairman  of  the 
Committee  now  bears  me  out  in  placing  that  construction  on  their  report. 

Mr.  Campbell : — The  Committee  says  on  page  81  that  the  flangeway 
should  be  made  with  a  continuous  iron  or  steel  filler.  We  have  found 
on  the  El  Paso  &  Southwestern,  where  a  relaying  rail  is  used  for  the 
flangeway,  that  we  are  able  to  make  a  thoroughly  satisfactory  filling  for 
the  flangeway  by  the  use  of  a  bitulithic  composition  of  sand,  stone  and 
asphalt,  or  of  concrete.  It  costs  less  than  iron  filler.  It  can  be  moulded 
to  any  desired  form  and  dimension.  If  the  Committee  intended  to  sug- 
gest only  one  form  of  filler,  I  would  not  agree  with  it. 

The  Committee  also  says  on  page  81  that  when  the  flangeway  guard 
rail  is  set  upright,  the  side  of  the  head  of  the  rail  adjacent  to  the  flange- 
way should  be  beveled  to  an  angle  of  about  45  degrees  to  prevent  horses' 
feet  from  getting  trapped.  We  have  not  found  that  necessary.  There 
is  no  case  in  our  experience  of  over  eight  years  in  which  a  horse's  foot 
was  caught  in  any  of  our  crossings.     We  have  one  crossing  where  the 
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track  is  on  a  curve  and  in  order  to  preserve  the  rail  and  prevent  flange 
wear,  the  base  of  the  guard  rail  was  planed  so  that  the  clearance  in  the 
flangeway  was  only  2J4  inches,  with  the  result  that  the  flanges  of  the 
wheels  do  not  touch  either  track  rail. 

This  is  mentioned  to  show  that  the  guard  rail  may  be  set  close 
enough  to  the  track  rail  to  avoid  trouble  with  the  horses  without  planing 
the  guard  rail.  A  close  setting  of  the  latter  also  makes  a  smooth  riding 
crossing.  The  joints  are  important  and  should  be  carefully  considered. 
If  they  could  be  eliminated  on  crossings,  one  objection  to  permanent 
construction  would  be  removed.  In  the  course  of  time,  the  joints  will 
go  down  and  make  rough  riding  track  which,  however,  is  not  usually 
very  objectionable  on  crossings  where  the  speed  is  slow.  In  case  of 
asphalt  pavements,  we  place  brick  liners  along  the  outside  of  the  track 
rail  and  along  the  inside  of  the  guard  rail.  We  have  not  found  it  prac- 
ticable to  maintain  asphalt  unbroken  in  direct  contact  with  the  track 
rail. 

The  Committee  appears  to  be  wedded  to  a  girder  rail  weighing  141 
lbs.  and  9  inches  high.  It  would  be  better  to  make  the  specification  for 
girder  rail  more  general.  For  wood  block  pavement  and  other  forms 
requiring  paving  blocks  only  a  few  inches  deep,  a  rail  9  inches  high  is 
unnecessary.  Nearly  all  modern  paving  surfaces  may  be  amply  accom- 
modated by  a  standard  track  rail  of  a  height  equal  to  or  greater  than  a 
75-ft.  rail. 

The  President : — Not  unless  you  get  the  consent  of  the  people  in 
the  municipality. 

Mr.  E.  A.  Frink  (Seaboard  Air  Line)  : — I  would  like  to  support  Mr. 
Campbell's  motion  that  one  design  of  crossing  is  not  enough.  In  a  good 
many  cases  the  city  will  call  for  something  more  permanent  than  a 
plank  crossing.  A  plank  crossing  may  be  more  desirable  from  the  rail- 
road's point  of  view,  but  the  city  will  not  accept  it.  We  find  we  have 
to   provide   more    permanent    crossings    than    plank   crossings. 

I  notice  that  the  Committee  submitted  a  design  used  by  the  Montreal 
Tramway  Company,  and  while  they  do  not  say  so,  I  imagine  that  they 
present  that  as  a  possible  and  desirable  form  of  a  permanent  crossing. 
It  seems  to  me  there  are  several  objections  to  it.  One  is  the  use  of  a 
concrete  base  on  top  of  ballast.  I  believe  that  the  elasticity  in  the  bal- 
last will  tend  to  break  up  the  base.  It  will  also  be  objectionable  to  carry 
the  concrete  below  the  ties  for  various  reasons. 

I  notice  that  same  design  of  the  Montreal  Tramway  Company  calls 
for  a  sand  filler,  and  the  modern  tendency  seems  to  be  to  use  a  cement 
mortar  filler,  as  being  more  permanent  and  as  preserving  the  surface 
of  your  pavement  better.  Therefore,  if  you  are  going  to  use  a  concrete 
base,  I  think  you  should  also  use  the  cement  mortar  filler. 

The  President : — The  question  has  been  called  for  on  this  motion 
to  refer  these  proposed  types  of  crossings  back  to  the  Committee  with 
instructions    that    they    should    report    further    on    them    next    year    with 
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such  alternate  types  of  construction  as  they  may  deem  advisable,  after 
having  heard  the  discussion  which  has  taken  place. 

(The  motion  carried.) 

Mr.  Strouse : — The  Committee  presents  on  page  83  a  discussion  of 
the  principles  governing  the  use  of  railway  signs,  and  on  page  86  it 
has  given   some   further   information   in    regard   to   concrete    fence   posts. 

This  is  all  submitted  as  information.  There  are  no  recommenda- 
tions made.  With  your  consent,  this  will  be  submitted  as  a  progress 
report  and  as  information. 

On  page  88  the  Committee  makes  recommendations  for  next  year's 
work. 

The  President : — Have  you  any  suggestions  to  make  for  the  benefit 
of  the  Committee?  We  would  like  suggestions  for  the  work  of  the 
Committee  on  Signs,  Fences  and  Crossings. 

Mr.  Lindsay : — I  suggest  that  the  display  of  caution  signals  and  of 
slow  signs  be  given  consideration  by  this  Committee  for  repairs  of  track 
and  structures. 

The  President : — The  Committee  on  Outline  of  Work  will  take  note 
of  that  suggestion  by   Mr.   Lindsay. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis): — I 
would  like  to  suggest  the  consideration  of  audible  signals  at  highway 
crossings. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — Apparently  the  subject 
of  concrete  fence  posts  is  considered  by  the  Committee  as  exhausted  in 
this  report.  I  would  like  to  know  if  it  is  the  fact  that  it  so  regards  it. 
In  reading  it  over,  I  have  gathered  that  it  considers  it  as  finished. 

Mr.  Strouse: — No,  we  do  not  consider  it  as  finished,  but  we  could 
not  find  any  information  that  we  considered  as  new  this  year. 

Mr.  L.  L.  Sparrow  (Atlantic  Coast  Line)  : — I  do  not  know 
whether  it  properly  comes  before  this  Committee,  but  in  connection  with 
tracks  in  paved  streets,  I  suggest  that  some  Committee  should  take  up 
the  question  of  turnouts  in  paved  streets  where  we  are  not  permitted 
to  use  the  usual  method  of  operating  switches ;  where  switchstands  are 
objectionable;  and  where  the  ordinary  split  switch  cannot  be  used. 

Mr.  W.  H.  Elliott  (New  York  Central)  : — In  reference  to  the  matter 
of  audible  signs  at  highway  crossings,  these  are  generally  controlled  by 
track  circuits,  and  it  is  my  suggestion  that  this  Committee  confer  with 
a  Sub-Committee  of  the  Committee  on  Signals  and  Interlocking  on  the 
subject. 

The  President : — Are  there  any  other  suggestions  for  the  work  of 
this  Committee?  If  not,  the  Committee  will  be  excused  with  the  thanks 
of  the  Association  for  its  work  during  the  past  year. 


DISCUSSION  ON  WATER  SERVICE. 

(For   Report,    see   pp.    89-97.) 
LIST    OF    SPEAKERS    TAKING    PART    IN    DISCUSSION    ON    WATER    SERVICE. 
A.   F.    DORLEY.  W.  C.  CuSHING. 

R.  A.  Baldwin.  Geo.  W.  Kittredge. 

J.  L.  Campbell.  C.  E.  Lindsay. 

The  President : — We  will  now  take  up  the  report  of  the  Com- 
mittee on  Water  Service,  Mr.  A.  F.  Dorley,  Chairman.  We  will  ask 
Mr.   Dorley  to   outline   the   report  of   the   Committee. 

Mr.  A.  F.  Dorley  (Missouri  Pacific)  : — The  report  of  the  Commit- 
tee on  Water  Service  will  be  found  in  Bulletin  181.  The  subjects  as- 
signed to  the  Committee  for  study  are  given  on  page  89.  The  first 
subject  is  a  "Report  on  Cost  of  Pumping  Water  by  Various  Methods." 
The  report  on  this  subject  will  be  found  to  begin  on  page  89  and  in- 
cludes the  insert  opposite  page  96.  A  list  of  questions  was  sent  to  a 
large  number  of  railroads  by  the  Sub-Committee,  who  had  this  subject 
in  hand,  and  the  result  of  the  canvass  will  be  found  in  the  insert. 
The  Committee  had  hoped  it  could  make  some  specific  or,  at  least, 
general  deductions  from  this  information  with  a  view  to  ascertaining 
the  merits  of  various  methods  of  supplying  water  on  railways,  but 
the  information  lacked  uniformity  to  such  an  extent  that  the  plan 
was  found  to  be  impracticable. 

The  method  used  for  supplying  water  at  any  particular  locality  is 
usually  determined  not  so  much  by  the  efficiency  or  lack  of  efficiency 
of  any  particular  type  of  pumping  unit,  but  rather  by  the  conditions 
that  are  met  and  which  must  be  overcome.  Water  is  usually  supplied, 
not  where  it  is  plentiful  or  easily  obtained,  but  where  it  is  needed. 
Rather  than  make  any  definite  deductions  the  Committee  submits  the 
information  with  the  hope  that  it  will  be  of  interest  and  value  to  the 
members  in  comparing  the  cost  of  water  at  one  station  on  a  given  road 
with  the  cost  of  water  at  another  station  on  the  same  road;  or  the  cost 
of  water  at  a  station  on  one  road  with  the  cost  of  water  at  a  station 
on  another  road  where  the  conditions  are  the  same  or  very  similar. 

The  President : — .Gentlemen,  you  have  heard  the  statement  of  Mr. 
Dorley,  the  Chairman  of  the  Committee.  This  Committee  does  not 
make  any  recommendations  at  this  time,  as  I  understand  the  report. 
The  two  divisions  of  the  report  are  submitted  as  information.  They 
say  their  subject-matter  is  not  in  shape  to  be   included  in   the  Manual. 

Are  there  any  questions  that  any  member  of  the  Association  would 
like  to  ask  the  Chairman  or  other  members  of  this  Committee  in  regard 
to  this  report  that  has  been  made?  Have  you  any  suggestions  to  make 
in  regard  to  the  work  of  this   Committee   for  the  coming  year? 
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There  is  another  section  of  the  report  on  protection  for  water  sta- 
tions against  freezing,  and  we  will  hear  the  ^statement  of  the  Chair- 
man   of    the    Committee    in    regard   to    that    matter. 

Mr.  Dorley: — In  its  study  of  this  subject  the  Committee  addressed 
a  set  of  formulated  questions  to  some  thirty  or  more  railroads  to  ascer- 
tain the  methods  used  in  protecting  piping,  pumps,  tanks,  etc.,  against 
freezing.  From  the  information  received  in  this  way  the  Committee 
had  in  mind  the  designing  of  some  typical  plans  for  insulating  the 
various  parts  of  water  stations  against  freezing  and  to  recommend  their 
adoption.  We  had  in  mind  dividing  the  country  into  about  three  zones, 
the  first  zone  to  include  the  States  in  the  South  and  along  the  Gulf, 
the  second  to  include  what  might  be  called  the  Middle  States  and  another 
the  Canadian  territory  and  the  northern  part  of  the  United  States,  and 
to  suggest  typical  plans  for  each  zone.  The  scheme  was  discarded  as 
impracticable  for  the  reason  that  the  details  of  water  stations  in  use 
on  the  various  roads  differed  so  widely  that  it  was  out  of  the  question 
to  design  a  typical  plan  of  insulation  that  would  fit  the  varied  standard 
plans. 

The  Committee  finally  decided  to  present  to  the  Association  the 
digest  or  resume,  given  on  page  91,  of  the  information  gathered  from  the 
various  railroads  to  which  inquiries  were  addressed  and  we  hope  that 
the  members  of  the  Association  will  find  some  information  in  this 
digest  that  will  be  of  assistance  in  overcoming  troubles  arising  from 
water  stations   freezing  up. 

The  President :— You  have  heard  the  statement  of  the  Chairman 
of  the  Committee.  This  report  is  submitted  as  information  on  the 
subject  of  protection  of  water  stations  from  freezing,  but  there  are  no 
plans  recommended  and  there  are  no  definite  recommendations,  and  this 
report  will   be  received  as  information. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — There  is  being  givC11  a 
great  deal  more  attention  nowadays  to  the  care  of  boilers,  and  as  the 
boiler  is  an  essential  part  of  the  water  station,  I  would  ask  if  it  would 
be  proper  for  this  Committee  or  the  Committee  on  Rules  and  Organiza- 
tion to  outline  a  set  of  examination  questions  as  to  the  qualifications 
of  the  pump  man — the  man  in  charge  of  the  operation  of  the  water 
station,  as  a  part  of  the  recommended  work  for  next  year? 

The  President : — That  suggestion  will  be  referred  to  the  Commit- 
tee on  Outline  of  Work  for  consideration   and  attention. 

Mr.  R.  A.  Baldwin  (Canadian  Northern)  : — I  notice  in  going  over 
the  reports  of  the  different  railways  that  a  number  of  the  pumping  en- 
gines are  operated  by  gasoline.  On  account  of  the  high  price  of  gaso^- 
line,  I  would  suggest  that  the  Committee  consider  the  use  of  an  oil- 
burning  attachment.  We  have  made  some  experiments  with  it,  and 
would  like  to  have  further  information. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — In  reading  over  the. 
reports  on  pumping  water  and  protection  to  water  station  against  freez- 
ing,  and   noticing   that   they   are    pot    included    in   the    recommendations 
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for  the  committee  work  for  next  year,  I  infer  that  the  Committee  con- 
siders that  the  subject  is  finished.  I  would  like  the  Committee  to  explain 
that  point. 

Mr.  Dorley: — We  consider  the  work  on  these  subjects  to  be  finished 
unless  the  Board  of  Direction  instructs  otherwise. 

Mr.  George  W.  Kittredge  (New  York  Central)  : — I  have  nothing 
further  to  say  in  regard  to  these  suggestions — I  wanted  to  bring  before 
the  convention  here  a  situation  which  developed  on  the  New  York  Cen- 
tral in  the  case  of  a  water  station  put  into  service  last  fall  which  was 
entirely  novel  to   me,   and   which    for   a  while   considerably  puzzled   me. 

We  installed  near  Tivoli  on  the  Hudson  Division  of  the  New  York 
Central  Railroad  a  water  station  with  pans  2200  feet  long.  The  owner 
of  the  land  adjacent  to  this  plant  is  a  man  who  has  been  there,  with 
his  predecessors,  for  many  generations,  ever  since  there  was  a  land- 
owner on  the  Hudson  River.  A  singular  thing  is  that  the  man  is  very 
deaf — can  hardly  hear  thunder. 

We  had  hardly  gotten  the  water  pans  nicely  in  operation  for  winter 
service,  and  begun  the  use  of  steam  to  heat  the  water,  when  we  got  a 
complaint  from  him  that  the  noise  developed  at  those  water  pans  was 
something  fearful.  No  one  connected  with  the  railroad  hadi  discovered 
it.  We  sent  someone  to  his  house.  We  found  that  after  a  train  had 
taken  water  and  the  water  had  been  lowered  in  the  pans  to  a  certain 
extent  that  there  was  some  escape  of  the  free  steam,  that  at  the  location  of 
this  man's  house,  which  was  100  or  150  feet  higher  elevation  and  prob- 
ably half  a  mile  away  from  it  there  was  a  very  decided  rumbling  noise. 
The  man  admitted  that  it  did  not  disturb  him,  but  disturbed  the  rest 
of  his  family.  It  was  a  case  that  had  never  come  to  my  attention  before, 
and  it  took  some  little  time  to  figure  out  a  scheme  which  would  so 
mask  the  escape  of  steam  as  to  break  up  apparently  the  rhythm  that 
resulted  in  a  monotonous  sound  one-half  a  mile  away. 

This  is  simply  an  interesting  incident  in  the  operation  or  mainte- 
nance of  water  pans  which  I  desire  to  bring  to  the  attention  of  the  con- 
vention, and  to  suggest  that  possibly  the  Committee  might,  in  its  wisdom, 
take  some  cognizance  of  it. 

The  President : — You  have  not  told  us  what  the  scheme  was  which 
was  devised  to  eliminate  that  annoyance. 

Mr.  Kittredge : — Do  not  make  me  confess  my  ignorance — I  do  not 
know  what  it  was — suffice  it  to  say  that  a  satisfactory  scheme  was 
devised. 

The  President: — Are  there  any  further  suggestions?  I  would  like 
to  call  your  attention  to  a  report  that  has  been  made  by  Mr.  Campbell, 
Vice-Chairman  of  this  Committee,  on  "Corrosion  Tests  on  Iron  and 
Steel."  This  is  a  special  report  that  he  made  for  this  Committee  and 
the  thanks  of  the  Association  are  due  to  Mr.  Campbell  for  this  very 
careful   and   interesting  report  prepared   by  him. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — This  report  is 
found    in    Bulletin    183,    beginning   on    page   423.      Therein    you    will    find 
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set  out  the  data  on  which  it  is  based.  The  analyses  of  the  different  irons 
and  corrosive  mediums  are  given  to  show  what  they  were  actually  com- 
posed of  regardless  of  what  they  might  be  called.  The  effort  through- 
out these  tests,  extending  over  a  period  of  two  years,  was  to  have  them 
strictly  comparative  as  to  each  sample  tested,  this  being  accomplished 
as  indicated  in  the  report.  The  representative  of  the  American  Rolling 
Mill  Company,  manufacturers  of  American  ingot  iron,  requests  me  to 
say  that  his  company  did  not  recommend  or  guarantee  the  ingot  iron 
pipe  for  the  sewage  service  at  El  Paso,  Texas.  I  so  understood  it,  but 
it  did  not  occur  to  me  that  it  was  necessary  to  make  such  a  statement 
in  the  report,  the  quality  of  the  product  and  the  results  of  its  service 
being  independent  of  the  company's  guarantees.  However,  it  is  due  to 
the  American  Rolling  Mill  Company  to  submit  the  statement  of  its 
representative  at  this  time.  In  this  connection,  I  may  say  that  the.  rep- 
resentatives of  the  special  irons  and  steels  tested  have  raised  a  question 
as  to  the  value  of  the  tests.  We  are  all  in  more  or  less  trouble  with 
the  tests.  Personally,  I  started  out  hoping  to  find  the  claims  of  the 
manufacturers  of  these  special  products  sustained.  The  question  has  been 
raised  as  to  whether  or  not  these  tests  were  of  value  as  indicating 
what  might  be  expected  in  actual  service.  The  Water  Service  Commit- 
tee does  not  wish  to  have  it  understood  that  this  report  shows  results 
that  will  be  secured  in  actual  service.  However,  the  effort  was  to 
approximate  service  conditions  of  iron  and  steel  pipe  laid  in  various 
kinds  of  soil  with  a  light  covering  and  I  believe  that  such  conditions 
have  been  approximated  in  these  tests  and  that  the  latter  are  indica- 
tive. The  outfall  sewer  at  El  Paso  was  a  24-inch  pipe.  The  corrosion 
shown  in  the  photographs  took  place  on  the  upper  third  of  the  perime- 
ter of  the  pipe.  The  corrosion  worked  from  the  inside  to  the  outside, 
indicating  that  collection  of  sewer  gas  in  the  upper  part  of  the  pipe 
was  the  agency  that  brought  about  the  destruction  of  the  pipe.  The 
latter  lasted  about  two  years.  My  recollection  is  that  the  gage  of  the 
metal  was  about  18.     The  pipe  was  well  galvanized. 

The  President: — If  there  are  no  more  suggestions  in  regard  to  the 
work  of  this  Committee,  the  Committee  will  be  excused,  with  the 
thanks  of  the  Association   for  their  work  during  the  past  year. 
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(For  Report,  see  pp.  99-140.) 

LIST   OF    SPEAKERS    TAKING   PART   IN    DISCUSSION    ON    IRON    AND    STEEL 
STRUCTURES. 

J.  L.  Campbell.  A.  F.  Robinson. 

A.    J.    HlMES.  F.    E.    TURNEAURE. 

Geo.  W.  Kittredge. 

The  President : — The  next  business  will  be  the  report  of  the  Com- 
mittee on  Iron  and  Steel  Structures.  Mr.  A.  J.  Himes,  Chairman  of 
the  Committee,  will  present  the  report. 

Mr.  A.  J.  Himes  (New  York,  Chicago  &  St.  Louis)  : — On  page  99 
of  Bulletin  181  is  to  be  found  the  report  of  the  Committee.  The  sub- 
jects assigned  are  listed  on  the  first  page,  the  first  subject  relating  to 
the  subject-matter  in  the  Manual  and  directing  the  Committee  to  submit 
definite  recommendations  as  to  changes.  No  material  progress  has  been 
made  during  the  year  in  the  revision  of  the  Manual.  A  new  edition 
of  the  Manual  is  now  in  the  hands  of  the  Association.  The  verbiage 
of  the  specifications  has  been  improved  and  I  trust  will  be  found  satis- 
factory to  the  Association.  There  was  no  intention  to  change  the 
meaning  materially.  Further  changes  are  contemplated,  but  they  are 
so   extensive  that  much  time  will  be   required. 

The  second  subject  is  to  continue  the  study  of  methods  of  protec- 
tion of  iron  and  steel  structures  against  corrosion.  This  was  assigned 
to  a  Sub-Committee,  which  reports  progress  on  page  102  of  the  Bulle- 
tin. There  has  been  so  much  activity  in  engineering  work  during  the 
past  year  that  no  large  amount  of  work  has  been  done  by  this  Sub- 
Committee,  but  it  is  worth  while  to  call  your  attention  to  a  very  novel 
process  for  protecting  steel  structures  mentioned  in  Appendix  A.  "The 
process  involves  an  apparatus  called:  a  'pistol,'  which  is  a  mechanism 
somewhat  resembling  a  large  pistol  and  which  feeds  the  wire  of  the 
metal  to  be  deposited  into  a  blast  flame  of  combined  oxygen,  reducing 
gas  and  compressed  air,  which  results  in  the  issuance  from  the  nozzle 
of  the  pistol  of  a  spray  of  fused  metal."  I  will  not  read  any  more.  Of 
course  this  new  process  has  not  been  fully  developed  and  we  are  merely 
observing  and  studying  the  process.  This  is  submitted  as  a  progress 
report. 

The  third  subject  is  to  continue  the  study  of  the  relative  economy 
of  various  types  of  movable  bridges.  This  was  assigned  to  a  Sub- 
Committee  and  there  is  a  very  brief  progress  report  on  page  113  of  the 
Bulletin.  This  report  is  so  short  that  you  may  think  very  little  work 
has  been  done,  but  if  you  will  read  it,  you  will  find:  "The  Committee 
has   tabulated  the   weights  of  twenty  bridges."     Those  of  you   who  are 

796 


DISCUSSION.  797 

acquainted  with  movable  bridges  will  agree  that  is  no  small  task.  Other 
information,  useful  to  the  members,  will  probably  be  submitted  another 
year.     This  likewise  is  only  a  report  of  progress. 

The  fourth  subject  is  to  continue  the  study  of  secondary  stresses 
and  impact.  This  also  has  been  in  the  hands  of  a  Sub-Committee  of 
which  Professor  Turneaure  is  Chairman,  and  he  undoubtedly  will  have 
something  of  interest  to  say  about  this  report.  It  is  a  progress  report. 
No  action  is  desired  by  the  Association  at  the  present  time.  I  would 
say,  however,  that  it  is  the  fruit  of  the  labors  of  this  Committee  for  a 
number  of  years  past  in  the  investigation  of  impact  and  secondary 
stresses.  We  are  now  arriving  at  the  point  where  the  work  is  in 
process  of  crystallization  and  is  likely  to  become  useful. 

Prof.  F.  E.  Turneaure  (University  of  Wisconsin)  : — The  members 
of  the  Association  are  all  doubtless  familiar  with  the  work  which  the 
Sub-Committee  on  impact  has  been  doing  for  the  past  six  or  seven 
years.  This  Bulletin  contains  a  brief  resume  of  that  work,  and  in  addi- 
tion a  study  of  the  practical  application  of  the  results  of  the  experi- 
ments to  the  subject  of  working  stresses  and  design.  The  paper  begins 
with  a  review  of  the  report  on  impact  made  some  years  ago.  It  brings 
together  also  some  additional  data  so  as  to  include  all  data  thought  to 
be  of  value  as  applicable  to  American  practice.  It  then  presents  a  sug- 
gested formula  for  impact,  which  on  page  119  is  compared  with  the 
formula  now  in  use.  In  the  judgment  of  the  Committee  the  present 
formula  agrees  with  the  experiments  up  to  a  span  length  of  about  150 
feet,  but  beyond  there  the  experiments  show  a  materially  lower  impact 
effect  than  is  given  by  the  present  formula.  The  suggested  new  formula 
includes  practically  all  of  the  most  important  results  obtained  by  the 
experiments  of  the  Committee  and  the  others  that  are  quoted.  Following 
the  discussion  on  impact  is  a  review  of  the  work  the  Committee  did  on 
the  subject  of  secondary  stresses  and  which  was  reported  in  Bulletin 
163.  The  relation  of  the  secondary  stresses  to  the  subject  of  working 
stresses  is  discussed  in  the  third  part  of  the  report,  entitled  "Working 
stresses  for  tension  members."  This  part  is  new  material.  It  endeavors 
to  develop  in  a  logical  way  the  relation  of  impact  and  secondary  stresses 
to  the  other  elements  involved  in  the  selection  and  application  of  a 
working  stress.  A  study  is  made  of  the  effect  of  various  impact  formu- 
las and  unit  stresses  in  the  resulting  sectional  areas  of  chord  members 
and  in  the  weights  of  structures.  Diagrams  are  presented  showing  in 
a  general  way  the  results  of  this  analysis. 

If  a  fixed  unit  stress  is  used  for  both  dead  and  live  load,  as  is  now 
the  case  in  the  American  Railway  Engineering  Association  specifica- 
tions, it  naturally  follows  that  when  a  bridge  becomes  overloaded  up  to 
a  point  where  the  maximum  stress  is  24,000  or  25.000  lbs.  to  the  square 
inch,  the  overload  capacity  of  the  bridge  depends  a  great  deal  upon 
the  dead  load  as  well  as  upon  the  live  load.  The  result  is  that  the 
overload  capacity  of  different  members  of  the  same  bridge  is  very  dif- 
ferent.    With    a    16,000-fb.    unit   stress    for   dead   load    there   is    a   much 
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larger  margin  for  increase  in  live  load,  in  the  case  of  a  large  structure 
where  the  dead  load  is  relatively  large  than  in  a  small  structure  where 
the  dead  loadi  is  relatively  small.  An  attempt  has  been  made  to  show 
how  this  overload  capacity  of  different  span  lengths  varies  according  to 
the  unit  stress  and  the  impact  formula  that  may  he  used. 

The  Committee  has  presented  some  suggestions,  showing  what  unit 
stresses  might  reasonably  be  used  with  the  proposed  impact  formula, 
and  how  the  different  combinations  affect  the  overload  capacities  of 
bridges   of   different   span   lengths. 

The  Committee  does  not  make  any  definite  recommendation,  but 
the  subject  is  presented  in  this  manner  with  the  hope  of  getting  some 
written  discussions  from  members  of  the  Association  so  that  within 
the  next  year  or  two  the  Committee  may  be  able  to  recommend  something 
which  will  be  acceptable.  It  is  to  be  hoped  that  members  will  contribute 
freely  their  discussion  of  this  important  subject  so  that  the  Commit- 
tee may  have  the  benefit  of  the  opinions  of  all  of  those  particularly  inter- 
ested  in  this  problem. 

Mr.  Himes : — Subject  No.  5,  which  was  assigned  to  the  Committee, 
is  to  continue  the  study  of  column  tests.  This  subject  is  also  in  the 
hands  of  a  Sub-Committee  and  it  submits  a  progress  report  on  page 
106.  There  is  very  little  to  be  said  about  the  work  of  this  Sub-Com- 
mittee during  the.  past  year.  These  tests  of  columns  are  still  in  prog- 
ress at  the  United  States  Bureau  of  Standards  in  Washington.  The 
first  series,  completed  something  like  a  year  ago,  consisted  of  18  col- 
umns and  the  tests  now  made  are  being  completed  on  a  series  of  24 
columns  manufactured  during  the  past  year.  It  is  not  expected  to  make 
rapid  progress  with  these  tests.  It  has  been  the  thought  of  the  Commit- 
tee that  it  would  be  more  reasonable  to  go  slowly  and  weigh  and  con- 
sider the  results  of  the  tests  as  they  are  made  and  to  plan  further  tests 
in  the  light  of  the  experience  that  was  derived  from  the  work  that 
had  been  done.  Thus  far  our  work  has  been  satisfactory  to  the  Commit- 
tee, and  we  feel  that  the  work  is  well  worth  while  and  we  hope  to 
continue  the  work  for  quite  a  while  to  come. 

No  action  is  to  be  taken  by  the  Association  on  this  report,  it  being 
submitted  merely  as  a  matter  of  information. 

Subject  No.  6  is  to  continue  the  study  of  design,  length  and  opera- 
tion of  turntables. 

In  1912  the  Committee  was  requested  to  take  under  consideration 
a  specification  for  phosphor  bronze  for  use  in  drawbridges  and  like 
structures,  and  since  that  time  much  consideration  has  been  given  to 
the  subject.     It  has  been  assigned  to  the  Sub-Committee  on  Turntables. 

This  year  we  submit  a  quite  generous  amount  of  information  con- 
cerning phosphor  bronze.  It  will  be  found  in  Appendix  C,  on  page  104 
of  the  Bulletin.  This  information  includes  papers  by  Mr.  Tinker  and 
Mr.  Chase.  While  no  recommendations  are  made  by  the  Committee 
there  are  submitted  for  information  on  page  107  specifications  for  bronze 
bearing   metals    for   turntables   and    movable   railroad   bridges.      It   is   ex- 
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pected  that  in  time  the  Committee  will  make  a  recommendation  con- 
cerning these  specifications,  but  we  do  not  ask  any  action  to-day.  We 
believe  that  the  information  submitted  will  be  found  highly  interesting 
and  valuable  to  those  engaged  in  the  design  of  structures  in  which  it 
is  necessary  to  use  bronze  for  bearing  purposes. 

The  report  is  submitted  as  a  progress  report  for  "the  information  of 
the  Association. 

Another  subject  which  is  not  included  in  the  list  on  page  99  was 
held  over  from  previous  years,  and  that  is  the  requirements  for  the 
protection  of  traffic  at  movable  bridges,  referred  to  in  the  middle  of 
page  101.  A  resume  of  the  subject  has  been  published  in  Bulletin  178 
and  the  Committee  recommends  for  adoption  the  specifications  printed 
on   page  274  of  that   Bulletin. 

This  subject  has  been  before  the  Association  previously,  and  re- 
ferred back  to  the  Committee.  In  the  present  instance  the  Chairman 
of  the  Sub-Committee,  Mr.  Smith,  has  published  in  Bulletin  178  a  very 
complete  statement  of  the  subject,  and  has  included  therein  certain  con- 
clusions which  embody  in  general  the  principles  set  forth  in  the  former 
report  of  the  Committee,  but  amended  to  meet  the  views  of  those  who 
discussed  the  report.  It  is  now  our  understanding  that  the  Committee 
of  the  Railway  Signal  Association,  having  this  subject  in  hand,  and  Com- 
mittee X  of  our  own  Association,  agree  with  Committee  XV  in  recom- 
mending to  the  Association  the  adoption  of  this  report. 

The  conclusions  are  found  on  page  274  of  Bulletin  178,  and  it  is 
for  the  Association  to  determine  whether  it  should  be  voted  on  as  a 
whole  or  taken  up  item  by  item. 

The  President : — Perhaps  you  had  better  read,  item  by  item,  the 
recommendations   which  are   made,   so  as  to   have  them  adopted. 

Mr.  Himes : — I  will  say,  before  reading  these  recommendations, 
that  there  has  been  a  little  difference  of  opinion  as  to  just  how  much 
we  should  include  in  this  statement.  There  is  no  protest  as  to  the  pro- 
priety of  the  things  that  are  included,  but  a  question  has  been  raised 
whether  it  is  essential  to  recite  all  of  these  things.  However,  the  Com- 
mittee felt  that  by  so  doing  the  report  would  be  very  complete. 

(Mr.  Himes  then  read  the  recommendations  on  pages  274  and  275, 
of   Bulletin   178,   paragraph  by  paragraph.) 

Mr.  Himes : — Now,  that  covers,  in  a  comprehensive  manner,  all  of 
the  things  that  are  to  be  borne  in  mind  in  the  operation  and  design  of 
a  drawbridge.  We  have  carefully  avoided  the  specification  of  minute 
details,  leaving  considerable  leeway  for  the  design  of  the  various  parts 
of  the  structure.  I  should  say  for  the  information  of  the  members  of 
the  other  committees  referred  to  that  this  Committee  has  embodied  in 
its  report,  on  page  101  of  Bulletin  181,  three  further  recommendations 
of  Committee  II  of  the  Railway  Signal  Association.  It  seems  as  though 
it  would  be  wise  to  act  now  on  the  conclusions  which  have  been  read 
from  Bulletin  178,  and  I  will  therefore  move  that  they  be  adopted  and 
incorporated  in  the  Manual. 


800  DISCUSSION. 

The  President :— The  motion  is  that  the  conclusions  presented  on 
pages  274  and  275  of  Bulletin  178  he  adopted  hy  the  Association  and 
printed  in  the  Manual. 

Mr.  Himes : — We  have  three  further  recommendations  to  present, 
about  the  center  of  page  101,  Bulletin  181. 

I  will  now  move  that  these  three  items  be  added  to  the  recommenda- 
tions of  the  Committee,  that  they  be  adopted  by  the  Association  and 
printed  in  the  Manual. 

(The  motion  carried.) 

Mr.  Himes : — Reference  was  made  to  some  papers  presented  by 
members  of  the  Committee,  one  by  Mr.  Leffler,  and  that  is  a  subject 
of  special  interest  because  it  deals  with  a  subject  on  which  there  is 
little  or  no  information  in  print;  it  is  original  work  dealing  with  the 
power  required  to  operate  turntables  and  movable  bridges.  Mr.  Leffler 
has  measured  this  power  in  a  number  of  instances  and  has  compiled  a 
lot  of  useful  information.  His  work  is  still  in  progress.  The  other 
paper  referred  to  is  that  on  which  we  have  already  taken  action,  dealing 
with   movable   bridges. 

There  is  another  subject  I  would  like  to  bring  to  the  attention  of 
the  Association  as  information.  That  has  to  do  with  turntables.  Last 
year  the  Committee  presented  a  recommendation  as  to  the  length  of 
turntables.  There  was  some  discussion  of  the  subject  and  a  difference 
of  opinion  as  to  whether  it  would  be  wise  for  the  Association  to  adopt 
a  specific  length  as  desirable  for  turntable  construction.  During  the 
past  year  one  of  our  members,  Mr.  Robinson,  has  had  experience  with 
turntables  of  unusual  length  and  he  has  consented  to  tell  us  something 
about  this  work.  I  am  sure  it  is  well  worth  the  time  of  the  Association 
to  get   this   latest  information   concerning  long   turntables. 

The  President : — We  would  be  glad  to  hear  from  Mr.  Robinson,  of 
the  Santa  Fe. 

Mr.  A.  F.  Robinson  (Santa  Fe)  : — The  Santa  Fe  installed  and  put 
into  service,  about  the  first  of  last  November,  three  100-ft.  turntables,  of 
the  through  pattern,  with  steel  floor,  floor  beams  and  stringers  and  six- 
inch  ties.  The  main  features  in  the  design  are  to  make  a  drawbridge 
out  of  the  table.  The  rails  on  the  table  project  about  9  or  10  inches 
beyond  the  ends  of  the  girders  over  onto  the  circle  wall ;  the  radial 
tracks  come  in  and  rest  on  heavy  cast  steel  bases.  The  radial  track 
bearing  on  the  circle  wall  takes  up  about  half  of  the  thickness.  The 
forward  section  is  the  support  for  the  rail  from  the  table.  There  is  a 
set  of  wedges  that  slide  in  and  out  on  the  bottom  flanges  of  the  track 
rails  on  the  table,  to  fill  in  the  space  between  the  rails  and  the  top  of 
the  shoes.  When  the  corner  wheels  under  the  ends  of  the  table  are 
hard  on  the  circle  track  these  wedges  shove  tight  and  make  a  positive 
support  for  the  overhanging  rail.  The  circle  track  or  pit  track  is  prob- 
ably the  key  to  the  situation  in  that  it  is  adjustable.  Under  the  rail,  on 
every  tie,  is  a  set  of  adjustable  wedges.  They  are  like  a  tie-plate  and 
the  wedges  shove  in  from  the  opposite  sides.     The  wedge  starts  with  a 
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feather  edge  at  one  end  and  runs  up  to  half  an  inch  or  a  little  more 
at  the  other  end.  The  holes  for  fastening  with  screw  spikes  are  slotted. 
As  a  result,  it  is  a  very  easy  matter  to  adjust  the  circle  rail  as  to 
height  or  as  to  position.  In  operation,  if  the  circle  rail  under  the  main 
lead  tracks  pounds  down  slightly,  as  it  has  probably  75  per  cent,  of  the 
traffic,  it  is  only  a  few  minutes'  work  to  adjust  these  wedges  and  bring 
the  circle  rail  up  to  the  true  level.  A  couple  of  weeks  ago  I  spent  an 
afternoon  at  Albuquerque  and  watched  the  performance  of  the  table  at 
that  point.  In  about  three  hours  there  were  something  over  50  move- 
ments of  the  table,  large  and  small.  There  isn't  the  slightest  pound  or 
jar  when  the  engine  runs  on  or  off  of  the  table  and  you  scarcely  notice 
when  it  runs  off  of  the  high  end.  The  thing  seems  to  balance  down 
without  any  especial  shock.  I  may  note  the  motor  end  of  the  table  is 
counter-weighted,  so  that  when  the  table  is  empty  that  end  is  always 
down  on  the  circle  rail  and  the  instructions  to  the  men  are  that  they 
turn  the  motor  end  to  meet  the  oncoming  load.  After  the  load  is  turned 
if  they  want  to  go  off  the  high  end,  a  slight  movement  of  the  locomotive 
will  put  the  high  end  down  on  the  track.  While  watching  the  table  at 
Albuquerque,  what  we  call  the  "goat" — it  is  a  heavy  engine,  three 
axles,  with  about  64.000  lbs.  to  the  axle — came  over  the  table  and  went 
into  the  house  and  took  out  one  of  our  3500  class  engines,  which 
is  very  long  and  has  59,000-tb.  axles.  This  engine  was  without  coal  or 
water;  was  being  repaired.  The  "goat"  took  the  engine  out  onto  the 
table.  It  was  taken  to  ten  or  a  dozen  stalls  and  put  into  the  house.  I 
saw  this  operation  repeated  with  two  other  engines,  and  the  operator 
did  not  know  who  I  was  and  therefore  did  not  take  any  more  pains  in 
handling  the  table  than  as  though  I  had  not  been  there.  It  did  not 
seem  to  be  any  more  trouble  to  handle  the  two  engines  than  it  did  to 
handle  an  ordinary  road  engine.  After  four  months  of  service  with 
these  three  tables  our  people  seem  to  be  so  well  pleased  with  them  that 
they  are  asking  for  two  more.  I  consider  them,  as  to  efficiency,  very 
nearly  one  hundred  per  cent.  The  working  is  even  better  than  I  had 
hoped  for.  It  is  the  result  of  several  years'  hard  study,  and  I  feel  very 
much  gratified  at  the  results.  I  may  say,  however,  that  these  tables  are 
not  foolproof.  They  must  be  properly  erected,  properly  adjusted,  and 
kept  in  perfect  shape.  They  cannot  be  allowed  to  get  out  of  condition 
in  any  way.     I  thank  you  for  your  attention.      (Applause.) 

Mr.  George  W.  Kittredge  (New  York  Central)  : — I  would  like  to 
ask  Mr.  Robinson  what  metal  they  have  for  the  discs  or  cones. 

Mr.  Robinson : — It  is  the  Santa  Fe  standard,  500-ton  center,  which 
is  very  similar  to  the  American  Bridge  Company's  Type  D.  It  has  steel 
cones  working  between  two  special  nickel  steel  discs.  These  discs  or 
treads  can  be  taken  out  and  replaced  with  new  discs  and  new  cones 
without  having  to  send  the  center  back  to  the  shop. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  would  like  to  ask 
Mr.  Robinson  if  there  is  any  tipping  of  this  table  when  two  locomo- 
tives coupled  together  are  passing  over  it? 

Mr.   Robinson: — How   do  you  mean — when  you   run  on? 
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Mr.  Campbell: — I  understand  you  to  say  that  the  motor  end  is 
counter-weighted  ? 

Mr.  Robinson: — When  the  table  is  empty? 

Mr.  Campbell :— Yes. 

Mr.  Robinson : — When  the  engine  runs  on,  it  comes  on  over  and 
as  soon  as  the  load  gets  over  this  side,  the  heavy  end  is  loaded  gradually. 
There  is  no  pound  at  all. 

Mr.  Campbell : — Does  the  tipping  take  place  before  the  second  loco- 
motive is  entirely  on  the  table? 

Mr.  Robinson : — Until  you  get  the  hind  end  of  the  single  engine. 

Mr.  Campbell: — Two  engines  are  moving  over  the  table.  Is  their 
combined  length  longer  than  the  table? 

Mr.  Robinson: — No,  sir;  not  longer  than  the  table. 

Mr.  Campbell : — Is  any  tipping  of  the  table  deferred  until  all  the 
wheels  of  both  engines  are  on  the  table? 

Mr.  Robinson : — Yes,  sir ;  I  might  say  the  table  was  designed  for 
the  Mallet  engines,  which  is  really  two  engines  in  one. 

The  President: — I  think  Mr.  Robinson  is  to  be  congratulated  in 
having  something  that  exceeds  his  expectations.  Most  of  us  get  some- 
thing that  comes  short  of  our  expectations.  The  Committee  recom- 
mends the  continuation  of  the  same  subjects  for  further  study  next 
year,  and  the  Committee  on  Outline  of  Work  will  please  take  notice  of 
this  recommendation.  This  is  all  that  we  have  from  this  Committee 
and  the  Committee  is  excused,  with  the  thanks  of  the  Association  for 
its   work. 

DISCUSSION   OF   REPORT  ON   DRAWBRIDGES.* 

By  Thos.  S.  Stevens,  Signal  Engineer,  Santa  Fe  System. 

I  have  received  Bulletin  178,  containing  report  on  drawbridges,  and 
have  the  following  comments  to  make :  I  have  checked  the  report  with 
reference  to  interlocking  and  find  it  is  in  accordance  with  the  report 
made  to  the  1914  convention  and  I  believe  in  accordance  with  the  joint 
report  made  by  Committee  15  and  Committee  10.  It  has  always  been 
found  difficult  to  find  a  proper  term  for  No.  1  under  the  title  "to  open 
drawbridge."  The  report  starts  out  with  the  statement  that  the  particular 
plant  you  are  dealing  with  is  a  swing  bridge  having  home  and  distant 
signals,  derails,  etc. ;  then  under  the  general  term  to  open  drawbridge  you 
start  out  with  No.  1,  display  stop  signals,  when  in  reality  the  operation 
is  to  display  stop  and  caution  signals,  and  in  the  next  place  there  are 
no  stop  signals  in  existence,  but  there  are  signals  which,  in-  a  certain 
phase  of  operation,  display  the  stop  indication  or  stop  aspect. 

I  realize  of  course  that  everyone  will  understand  what  is  required 
with  reference  to  this  matter,  but  it  is  not  technically  correct,  and  I 
have  been  wondering  whether  the  purpose  of  the  report  would  not  be 
covered  so  far  as  the  drawbridge  is  concerned  if  the  instructions  of  the 
order   of   operation   began   with   No.   3.   open    derails.     This   is   really   the 

•Bulletin   17S,   August,   1915. 
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first  thing  which  is  done  to  really  protect  against  the  open  drawbridge. 
When  derails  are  used,  the  rest  of  the  performance  is  the  ordinary  inter- 
locking procedure,  which  is  so  well  established  that  no  instructions  are 
necessary. 

I  think  the  same  thing  is  true  about  the  instructions  as  to  the  order 
of  operation  when  it  is  desired  to  pass  trains  over  a  drawbridge  in 
any  way  is  to  close  derails.  If,  however,  it  is  desired,  as  I  expect  the 
Committee  will,  to  let  the  matter  stand  as  it  is  on  account  of  the  joint 
discussion  which  has  been  given  it,  I  call  your  attention  to  sentence  10 
"display  clear  signal ;"  it  should  be  "signals." 

COMMENTS    BY    C.    E.    SMITH,    CHAIRMAN   OF    SUB-COMMITTEE   ON    DRAWBRIDGES. 

I  was  very  much  interested  in  the  letter  of  Mr.  Stevens  of  Decem- 
ber 2,  commenting  on  report  of  drawbridge  devices  in  Bulletin  178,  and 
take  pleasure  in  sending  it  to  Secretary  Fritch  for  publication  in  con- 
nection with  any  other  discussions  he  may  receive. 

I  realize  that  the  various  words  and  phrases  used  in  the  subject 
matter  possess  a  greater  technical  significance  to  experienced  signal  engi- 
neers than  to  bridge  engineers  or  railroad  engineers  in  general.  However, 
even  after  allowing  for  the  full  technical  significance  of  the  terms,  I  fail 
to  see  how  any  misunderstanding  could  possibly  arise  from  the  rule 
"Display  Stop  Signal,"  when  in  reality  the  operation  is  to  display  stop 
and  caution  signals.  In  ordinary  practice  the  caution  signal  would  most 
certainly  be  displayed  if  the  stop  signal  were  displayed,  but  the  important 
function  is  to  display  the  stop  signal. 

It  is  possible  that  by  a  strict  technical  interpretation  of  terms,  it 
might  be  true  to  state  that  there  are  no  stop  signals  in  existence,  but 
clearly  the  words  "stop  signals"  will  be  interpreted  by  engineers  and 
others  of  ordinary  intelligence  to  mean  a  signal  which,  in  that  certain 
phase  of  its  operation,  displays  the  stop  indication  or  aspect.  For  gen- 
eral rule  I  would  certainly  prefer  to  use  the  words  "Display  Stop  Signals" 
than  any  other  wording  I  can  imagine,  to  set  forth  the  meaning. 

The  report  does  not  state  that  derails  must  be  interlocked  with  the 
signals,  as  that  has  been  taken  for  granted  in  standard  practice.  The 
report  does  contain  the  recommendation,  however,  that  the  bridge  operat- 
ing mechanism,  rail  locks,  etc.,  be  interlocked  with  the  signals,  so  that 
if  the  recommendation  be  carried  out,  there  will  be  a  train,  including 
signals,  derails,  bridge  locking  and  operating  devices,  and  the  order  of 
procedure  to  be  recited  in  the  report  might  start  almost  anywhere,  on 
the  assumption  that  the  preceding  operation  would  have  to  be  performed 
in  the  ordinary  procedure. 

I  would  consider  it  preferable  to  describe  a  complete  operation  from 
the  time  the  operator  disturbs  the  first  lever  affecting  the  signals  to 
the  time  when  he  performs  his  last  operation,  placing  the  signal  at 
"proceed." 

I  am  very  glad  that  Mr.  Stevens  has  gone  into  this  matter  so  fully 
as  his  letter  indicates,  and  have  regretted  that  more  of  the  members  did 
not  take  sufficient  interest  in  the  matter  to  send  in  a  discussion. 
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DISCUSSION  OF  REPORT  OF  SUB-COMMITTEE  ON   IMPACT  AND  STRESSES." 

By  Henry  B.  Seaman. 

I  have  read  with  keen  interest  the  report  of  the  Sub-Committee  on 
Impact,  and  have  never  read  any  report  with  greater  satisfaction.  The 
work  of  the  Committee  has  been  conducted  on  practical  lines  and  its 
deductions  seem  justified  by  the  work  it  has  done.  My  own  thought  and 
study  for  the  past  ten  years  or  more  have  been  upon  similar  lines. 
Particularly  would  I  endorse  and  emphasize  the  opinion  "that  very  little 
aid  can  be  had  from  theory,  and  that  results  of  experiments  must  be 
relied  upon."  I  have  tried  to  follow  every  theory  which  has  been  offered 
for  impact,  but  never  found  one  which  was  satisfactory. 

We  are  here  offered  for  our  consideration  three  formulas : 
300 
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(2)  =  125 —  %  V2000L2  (quarter  ellipse). 
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(1)  has  been  considered  too  heavy  and  has  been  abandoned.     (3)  has 
apparently  been  modified  from 
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20000 

which  was  proposed! 
some  four  years  ago.  These  formulas  are  empirical  and  depend  for  their 
acceptance  upon  their  conformity  with  the  tests  already  made,  and  with 
conditions  which  would  probably  occur  beyond  the  scope  of  these  tests. 

I  know  of  no  theory  which  explains  why  a  quarter  ellipse  (conic- 
section  curve)  should  particularly  apply  to  this  subject,  but  a  conic-section 
has  helped  us  over  many  difficulties  and  seems  to  help  us  over  this.  It 
is  unfortunate  that  Fig.  2  has  not  been  extended  to  spans  of  1000  ft., 
as  the  conic-section  curve  will  be  found  to  run  to  0  at  that  point,  which 
is  a  consideration  to  be  desired  in  practice. 

No  tests  are  shown  for  spans  of  less  than  25  ft.,  but  it  is  recognized 
that  unbalanced  drivers,  etc.,  have  the  greatest  effect  on  short  spans ; 
on  rails  I  believe  the  impact  has  been   found  to  approach  250  per  cent. 
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It  would,  therefore,  seem  advisable  that  a  formula  should  give  large 
values  for  very  short  spans,  and  the  elliptical  curve  shows  for  these  spans 
a  rapid  increase,  as  desired. 

The  accompanying  table  of  impact  values  for  the  elliptical  formula 
and  the  full  diagram  of  the  formula,  with  the  tests,  was  published  in 
1912.  It  will  be  noticed  that  a  number  of  the  higher  tests  on  longer 
spans  come  very  close  to  the  line  of  this  formula,  as  follows : 

Test  on    60-ft.  span  shows  83  per  cent,  impact. 

Test  on     68-ft.  span  shows  78  per  cent,  impact. 

Test  on     70-ft.  span  shows  79  per  cent,  impact. 

Test  on  157- ft.  span  shows  58  per  cent,  impact. 

Test  on  204- ft.  span  shows  SO  per  cent,  impact. 

Test  on  300-ft.  span  shows  32  per  cent,  impact. 

Test  on  300-ft.  span  shows  28  per  cent,  impact. 

Some  of  these  tests  do  not  appear  in  Fig.  1.  They  are  considerably 
above  the  line  of  the  formula  now  suggested  but  are  well  covered  by 
the  elliptical  curve. 

It  has  been  suggested  that  in  very  short  spans  the  rail  relieves  the 
girder,  but  these  very  short  spans  may  need  the  assistance  of  the  rail 
in  addition  to  the  impact  provided  by  the  formula.  Thus,  if  we  have 
an  impact  blow  of  250  per  cent,  on  the  rails,  the  formula  provides  for 
only  one-half  of  this.  If  the  depth  of  a  girder  is  assumed  at  one-tenth 
of  the  span,  a  rail  6  inches  deep  will  have  the  same  rigidity  as  a  girder 
of  5-ft.  span,  and  the  impact  will  be  divided  equally  between  the  two,  or 
may  nearly  reach  125  per  cent,  in  each.  This  is  all  that  the  formula 
provides.  For  spans  exceeding  5  ft.  in  length  the  depth  of  the  girder 
will  be  increased,  while  the  depth  of  the  rail  remains  constant,  and  the 
rail  will  then  be  of  little  assistance  to  the  girder.  The  elliptical  curve, 
therefore,  seems  to  meet  the  desired  conditions,  and  it  is  not  clear  why 
it  should  not  be  used. 

In  the  selection  of  an  impact  formula  we  must  consider  more  than 
the  mere  convenience  in  designing  new  bridges.  We  must  remember  that 
we  have  many  old  bridges  to  maintain,  and  for  this  purpose  must  have 
the  most  authoritative  data  obtainable.  If  one  formula  gives  values  too 
high,  or  another  gives  them  too  low,  we  might,  on  the  one  hand,  con- 
demn good  bridges  or  restrict  useful  traffic  over  them,  or,  on  the  other, 
we  might  continue  unsafe  bridges  in  service  and  jeopardize  the  traffic. 

In  regard  to  methods  of  proportioning  that  noted  as  4-b,  Fig.  8, 
seems  to  compare  favorably  with  methods  already  in  vogue,  but  I  think 
the  suggestion  that  new  bridges  be  designed  for  an  "overload"  is  an 
excellent  one,  thoroughly  scientific  and  justified  by  former  practice  and 
experience.  Just  as  in  general  estimates  we  add  "10  per  cent,  for  engi- 
neering contingencies,"  in  bridge  work  we  may  add  25  per  cent,  for 
"contingent  increase,"  i.  e.,  increase  of  live  load,  contingent  upon  a 
corresponding  increase  of  allowable  strain.  In  former  years  we  have 
designed  bridges   with   a   "factor   of   safety"    on   the   material,    providing 
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thereby  also  for  a  factor  of  uncertainty  in  the  loading.  As  we  now 
approach  more  closely  to  the  known  qualities  of  the  material,  may  we 
not  wisely  provide  a  small  factor  in  the  loading  to  cover  the  uncertainties 
of  the  future?  If  we  add  25  per  cent,  overload  and  at  the  same  time 
add  25  per  cent,  to  the  allowable  strain  used  (i.  e.,  increase  16,000  lbs. 
to  20,000  lbs.  for  both  the  dead  and  live  load  strains)  we  will  obtain 
a  structure  of  practically  the  same  weight  and  cost,  and  at  the  same 
time  will  produce  a  bridge  better  proportioned  for  future  service.  It  will 
have  stronger  counter  members,  and  it  is  in  these  members  that  our 
old  bridges  are  found  deficient. 

Percentage    of    Increase    to    Live-Load    Strains    to    Produce    Static 
Equivalent,  According  to  the   Formula  : 
1     


S  =  125 V  2000  L  —  D 

8 
Where, 

S  b=  Increase,  in  percentage; 

L  =  Length,  in  feet,  of  applied  loading  which  produces  maxi- 
mum strain  in  the  member. 
Applied   loads   shall   be   increased  according   to   their   various   lengths   by 
the  above  formula  to  produce  the  Static  Equivalent. 


L. 

s. 

L. 

s. 

L. 

s. 

L 

S. 

1 

119.41 

25 

97.22 

150 

59.15 

390 

25.95 

2 
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26 
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57.18 
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3 
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27 
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4 
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28 

95.63 
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420 
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5 
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29 
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6 

111.33 

30 

94.61 
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440 

21.44 

7 

110.23 

35 
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48.36 
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8 
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40 
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9 
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45 
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45.24 
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10 
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50 
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11 
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55 
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42.32 
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17.48 

12 

105.69 

60 
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13 
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65 
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270 
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14 
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70 

79.06 
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15 
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16 
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80 
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17 
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85 

74.57 
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34.52 
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11.56 

18 

101.39 

90 

73.17 
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33.35 
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10.44 

19 

100.75 

95 

71.82 
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7.91 

20 

100.13 
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70.51 
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5.76 

21 

99.52 
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30  01 
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3.97 

22 

98.92 
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65 .  63 

360 

28.95 
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2.53 

23 

98.34 
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24 
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140 
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0.63 

Where  L  =  1000  ft.     or  more,  S  -  0. 
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LIST    OF     SPEAKERS     TAKING     PART    IN     DISCUSSION    ON     WOODEN     BRIDGES     AND 

TRESTLES. 

E.  A.   Frink. 

The  President : — -The  next  report  which  we  will  take  up  is  that  of 
the  Committee  on  Wooden  Bridges  and  Trestles,  and  Mr.  E.  A.  Frink, 
Chairman  of  the  Committee,  will  present  the   report. 

Mr.  E.  A.  Frink  (Seaboard  Air  Line)  : — The  general  subjects  as- 
signed to  the  Committee  for  the  past  year's  work  were:  (1)  Continue 
study  of  design  of  docks  and  wharves ;  (2)  report  on  relative  merits  of 
the  ballast  deck  wooden  trestles  as  compared  with  reinforced  concrete 
trestles;  and  (3)  continue  study  of  the  use  of  lag  screws  in  trestle 
construction.  Of  course,  in  addition  to  that  we  had  the  consideration 
of  recommended  changes  in  the  Manual.  The  Committee  has  consid- 
ered the  question  of  changes  in  the  Manual,  and  in  view  of  the  many 
changes  passed  at  the  last  convention  we  decided  that  no  changes  were 
advisable  at  this  convention. 

In  regard  to  the  first  subject,  to  study  the  design  of  docks  and 
wharves,  we  find  we  are  only  in  a  position  to  present  a  progress  report. 
The  matter  has  been  given  a  good  deal  of  study,  and  you  will  find 
printed  in  the  Bulletin,  page  187  and  following,  a  good  many  of  the 
points  that  had  to  be  considered  in  this  question,  followed  by  a  num- 
ber of  designs  of  various  types  of  docks  and  wharves.  I  would  say  that 
we  are  confining  our  study  of  this  subject  to  the  construction  of  docks 
and  wharves  up  to  the  level  of  the  floor  and  not  above  that,  for  the 
reason  that  the  substructures  can  be  of  certain  general  types  regardless, 
to  a  certain  extent,  of  the  superstructure.  Therefore,  we  thought  best 
to  get  the  substructure  up  to  the  top  of  the  floor  out  of  the  way  before 
going  further,  and  leave  the  question  of  further  consideration  of  this 
matter  to  the  direction  of  the  Board  of  Direction. 

With  reference  to  the  second  subject,  to  report  on  the  relative 
merits  of  ballast  deck  wooden  trestles  as  compared  with  reinforced 
concrete  trestles,  the  Sub-Committee  in  charge  of  that  subject  has  found 
there  is  very  little  information  extant  that  would  aid  them  in  present- 
ing information  on  that  point.  One  of  the  great  questions  we  have  not 
information  on  is  the  cost  of  concrete  trestles.  We  were  successful  in 
getting  the  cost  of  ballast  deck  wooden  trestles  to  a  large  extent,  but 
the  cost  of  concrete  trestles  was  very  varying  in  amount ;  they  varied 
so  much  that  we  thought  there  must  be  something  left  out  of  consider- 
ation in  some  of  the  costs  we  have.  Of  course,  the  cost  of  a  concrete 
trestle  is  a  large  factor  in  the  comparative  merits  of  the  two  types  of 
construction,  and  for  that  reason  we  wanted  to  give  it  further  consider- 
ation before  making  a  report. 
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As  to  the  third  subject,  to  continue  the  study  of  the  use  of  lag 
screws  in  trestle  construction,  you  may  remember  that  at  the  last  con- 
vention the  Committee  made  a  recommendation  that  due  to  the  fact 
that  comparatively  few  roads  have  experimented  with  the  use  of  lag 
screws,  and  that  therefore  there  was  not  sufficient  information  upon 
which  to  base  a  conclusion,  that  the  Committee  make  an  attempt  to 
have  other  roads  try  that  method  of  construction. 

The  Committee,  therefore,  sent  out  a  circular  letter  to  various 
roads,  with  the  result  that  not  less  than  33  roads  that  had  not  previ- 
ously used  that  method  of  construction  expressed  a  willingness  to  experi- 
ment with  it.  A  further  circular  letter  was  sent  out  and  of  the  33 
roads  four  roads  are  actually  making  a  trial  now,  and  14  others  expect 
to  make  the  experiment  within  a  short  time.  The  general  experience 
of  those  that  have  used  lag  screws  is  good.  With  very  few  exceptions 
they  report  in  its  favor,  and  our  investigation  so  far  is  promising,  but 
at  the  same  time  we  feel  there  has  not  been  sufficient  use  made  of  the 
lag  screw  in  that  manner  to  warrant  presenting  a  definite  conclusion 
to  the  Association  for  adoption.  We  think  that  it  will  be  probably 
necessary  to  carry  the  experiment  further,  for  perhaps  several  years, 
before  we  can  finally   formulate  a   conclusion. 

Your  Committee  therefore  presents  a  progress  report  on  that  sub- 
ject also. 

Our  recommendations  for  next  year's  work  are:  (1)  Continue 
study  of  design  of  docks  and.  wharves;  (2)  continue  report  on  relative 
merits  of  ballast  deck  wooden  trestles  as  compared  with  reinforced  con- 
crete trestles;  (3)  continue  study  of  the  use  of  lag  screws  in  trestle 
construction ;  and  (4)  investigate  and  report  on  merits  of  galvanized 
iron  fastenings  for  timber  trestles  as  compared  with  plain  iron  and 
steel  fastenings,  especially  in  relation  to  their  use  on  creosoted  struc- 
tures. 

You  will  note  that  we  have  added  a  new  subject  with  regard  to 
the  question  of  galvanized  iron  fastenings  in  ordinary  timber  struc- 
ture. It  has  occurred  to  us  that  the  use  of  plain  iron  fastenings  in 
creosotedi  timber  structures  might  possibly  be  objectionable.  It  is  ques- 
tionable what  the  effect  of  the  creosote  would  be  on  the  metal,  for  one 
thing,  and  whether  the  life  of  the  metal  fastenings  will  be  as  long  as  the 
life  of  the  timber,  and  therefore  we  thought  that  would  be  a  fruitful 
subject  for  investigation. 

The  President : — Gentlemen,  you  have  heard  the  statement  of  the 
Chairman  of  the  Committee  on  Wooden  Bridges  and  Trestles.  Their 
work  this  year  has  been  submitted  as  information.  They  have  no  recom- 
mendations to  make  except  the  recommendations  which  pertain  to  next 
year's  work,  and  these  recommendations  are  referred  to  the  Committee 
on   Outline  of   Work,   which   will  take  notice   of  these   recommendations. 

Are  there  any  questions  which  you  wish  to  ask  of  the  members  of 
the  Committee  while  they  are  on  the  platform?  If  there  are  no  ques- 
tions to  be  asked  and  no  further  discussion,  this  Committee  will  be 
excused,   with  the  thanks  of  the  Association   for  its  work. 
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LIST    OF    SPEAKERS    TAKING    PART    IX    DISCUSSION    ON     MASONRY. 

A.  S.  Baldwin.  E.  A.  Frink. 

S.  P.  Brown.  J.   B.  Jenkins. 

A.  W.  Carpenter.  B.  R.  Leffler. 

W.  A.  Christian.  Hunter  McDonald. 

T.  L.  Condron.  G.  J.  Ray. 

W.  H.  Courtenay.  C.  H.  Stein. 

W.  C.  Cushing.  A.  N.  Talbot. 
Dr.  P.  H.  Dudley.                          •      E.  B.  Temple. 

W.  R.  Edwards.  F.  L.  Thompson. 

S.  B.  Fisher.  R.  M.  Wilson. 

The  President : — The  next  business  will  be  the  report  of  the  Com- 
mittee on  Masonry.  The  members  of  this  Committee  will  please  come 
forward  and  take  their  places  on  the  platform.  In  the  absence  of  Mr. 
Schall,  the  Chairman  of  the  Committee,  the  report  will  be  presented  by 
Mr.  F.  L.  Thompson,  Vice-Chairman  of  the  Committee. 

Mr.  F.  L.  Thompson  (Illinois  Central)  : — The  following  subjects  were 
assigned  to  the  Masonry  Committee  this  year:  (1)  Make  critical  exami- 
nation of  the  subject-matter  in  the  Manual  and  submit  recommendations 
for  changes;  (2)  report  on  cost  and  method  of  constructing  concrete 
piles;  (3)  report  on  appearance,  wearing  qualities  and  cost  of  surface 
finish  of  concrete;  (4)  report  on  design  of  foundations  for  piers,  abut- 
ments, retaining  walls  and  arches  in  various  soils  and  depths  of  water 
(not   including   pneumatic    foundations). 

There  was  also  some  work  in  connection  with  the  Joint  Committer 
on  Standard  Specifications  for  Cement,  and  Joint  Committee  on  Con- 
crete  and   Reinforced    Concrete. 

In  regard  to  the  revision  of  the  Manual,  the  Sub-Committee  in 
charge  of  that  work  had  a  report,  but  after  written  discussion  between 
the  members  of  the  Committee  the  report  was  forwarded  to  the  Secre- 
tary, inasmuch  as  the  Manual  was  ready  to  go  to  press. 

The  Sub-Committee  have  made  a  further  study  of  the  data  collected 
last  year  on  the  cost  and  method  of  constructing  concrete  piles,  and 
presents  a  progress  report,  together  with  some  general  specifications  for 
concrete  piling. 

The  Sub-Committee  on  the  appearance,  wearing  qualities  and  cost 
of  surface  finish  of  concrete  present  a  final  report  of  the  subject,  which 
is  found  on  pages  220  to  224. 

I  move  that  the  conclusions  on  page  224  be  adopted  by  the  con- 
vention. 
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Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — I  would  like  to  know 
what  is  in  the  minds  of  the  Committee  with  reference  to  the  second 
paragraph  in  those  conclusions  reading,  "Coating  with  a  wash  of  cement 
is  not  recommended."  Some  coatings  are  being  largely  used.  Why  is  it 
necessary  to  speak  detrimentally?  I  have  had  brick  work  preserved  a 
great  many  years  by  washes  and  certainly  the  same  waterproofing  effect 
may  be  secured  in  the  case  of  concrete.  When  I  speak  of  brick  work, 
I  mean  brick  work  which  was  erected  in  1850  or  1855.  My  point  is 
that  I  do  not  think  it  is  necessary  to  have  this  conclusion  in,  unless  the 
Committee  has  some  reason  for  inserting  it. 

Mr.  Thompson : — The  Committee,  when  it  inserted  that  conclusion, 
was  not  considering  brick  buildings;  it  was  more  in  the  nature  of  a 
coating   for   concrete   work. 

The  President : — The  statement  is  very  clear  that  these  conclusions 
refer  to  the  surface  finish  of  concrete  and  would  not  apply  to  brick 
work. 

Mr.  Churchill: — I  am  arguing  from  analogy;  if  it  is  a  good  thing  in 
one  piece  of  masonry,  it  is  probably  a  good  thing  in  another,  in  some 
cases. 

The  President : — Possibly  the  Committee  can  answer  from  experi- 
ence as  to  why  it  is  not  good  on  concrete  work.  If  they  will  give 
that  information,  we  will  be  glad  to  receive  it. 

Mr.  T.  L.  Condron  (Consulting  Engineer)  : — If  you  will  turn  to 
page  221,  paragraph  2,  you  will  see  that  that  matter  was  considered  and 
the  Committee  states :  "The  film  of  mortar  thus  put  on  usually  develops 
checks  and  hair  cracks  and  later  scales  and  flakes  off."  That,  as  I 
remember  the  expression  at  the  meeting  of  the  Committee,  was  almost 
the  general  experience  of  the  Committee  with  reference  to  cement  wash 
on  the  exterior  of  concrete  facings. 

It  would  seem  to  me  that  as  a  member  of  the  Committee,  the 
specifications  which  precede  these  conclusions  might  properly  have  been 
recommended  to  the  Association  for  printing  in  the  Manual.  Frequently 
requests  for  information  come  to  us  with  reference  to  methods  of  carry- 
ing on  these  processes  of  finishing  surfaces  of  concrete.  The  conclu- 
sions give  us  a  little  information,  but  the  specifications  which  have  been 
prepared  after  considerable  study  by  the  Sub-Committee  which  had  the 
matter  in  hand,  and  by  the  entire  Committee  in  its  several  meetings, 
contain  a  great  deal  of  valuable  information  relating  to  this  subject. 

The  President : — Can  we  have  some  more  experience  stated  in  regard 
to  this  question  that  has  been  raised  by  Mr.  Churchill,  because  I  think 
that  is  the  meat  of  the  whole  thing  as  to  whether  the  coating  with  a 
wash  of  cement  produces  the  result  that  is  referred  to  on  page  221,  that 
is,  develops  checks  and  hair  cracks  and  later  scales  and  flakes  off. 
Is  there  anyone  who  can  give  any  experience  on  that  point? 

Mr.  S.  B.  Fisher  (Missouri,  Kansas  &  Texas)  : — My  experience 
bears  out  the  recommendation  of  the  Committee.  I  coated  scores  of 
bridges  when  we  started  with  a  wash  of  cement  concrete  in   1890,  and 
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the  general  effect  has  been  to  scale  off,  and  in  later  years  we  quit  doing 
it.  This  is  in  the  mild  climate  of  the  Southwest.  I  think  the  effects 
would  be  worse  in  a  colder  climate.  This  coating  of  cement  has  not, 
in  my  experience,  usually  adhered  to  the  original  work.  Sometimes  it 
adhered  pretty  well  when  it  was  moist,  but  after  it  dried  out  the 
adherence  was  very  slight  and  the  appearance  of  the  abutments  gen- 
erally has  not  been  good  since  that  time.  They  look  worse  than  if 
this  coating  of  cement  had  not  been  put  on. 

.Mr.  S.  P.  Brown  (Mt.  Royal  Tunnel  &  Terminal)  : — My  experience 
bears  out  the  views  of  the  Committee.  The  only  satisfactory  results  I 
have  ever  had  with  a  wash  was  when  it  was  rubbed  in,  which  is  prac- 
tically the  floating  method  which  the  Committee  recommends.  I  have 
had  a  great  deal  of  trouble  with  the  wash  flaking  off  on  concrete. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — My  views  are 
in  full  accord  with  those  expressed  by  the  Committee.  My  experience 
has  been  that  where  cement  is  put  on  a  surface  of  finished  concrete, 
after  the  forms  are  taken  off,  it  invariably  checks.  It  does  not  always 
come  off,  but  shows  a  sort  of  alligator  appearance,  if  you  please.  That 
describes  it  about  as  well  as  one  can.  This  trouble  is  eliminated  where 
the  surface  is  rubbed  as  is  mentioned  in  the  next  paragraph  on  page 
221,  under  the  heading,  "Rubbing.''  I  think  the  Committee's  recom- 
mendation   is   absolutely    right. 

Mr.  E.  A.  Frink  (Seaboard  Air  Line)  : — I  would  like  to  say  that  my 
experience  has  been  right  in  line  with  the  recommendations  of  the  Com- 
mittee. I  have  found  in  my  work  that  the  surface  washing  of  cement 
applied  as  a  coating  is  very  apt  to  come  off;  in  fact,  it  almost  always 
does  come  off,  sooner  or  later.  I  have  in  mind  an  arch  built  in  Atlanta, 
called  the  Druid  Hill  Arch,  on  which  a  great  deal  of  labor  was  ex- 
pended. I  think  that  they  had  an  expert  Italian  plasterer  put  the  coating 
on  the  concrete,  that  has  been  on  three  or  four  years  now,  and  it  has 
cracked  and  come  off  badly.  There  is  in  the  rubbed  finish,  though,  that 
the  Committee  speaks  of,  a  practice  of  applying  neat  cement  as  a  rub, 
and  that  cannot  properly  be  called  a  wash.  It  is  just  the  effect  of  rubbing 
the  cement  into  the  pores  of  the  concrete  and  it  assists  in  making  the 
rubbed  surface.     That,  I  think,  as  distinct  from  washing,  is  good  practice. 

I  would  ask  the  Committee  why,  in  their  recommendations  on  page 
224,  they  have  omitted  reference  to  the  brush  face  treatment,  which 
they  refer  to  on  pages  222  and  223.  The  experience  I  have  had  with 
ornamental  concrete  work  leads  me  to  believe  that  the  brush  finish  i- 
one  of  the  most  satisfactory  finishes  you  can  have,  if  the  aggregate,  as 
the  Committee  says  in  their  report,  is  selected  with  a  view  to  color  and 
size,  and  then*  the  mortar  is  brushed  out  carefully  before  it  gets  too 
hard,  and  the  resulting  face  is  washed  with  acid  and  then  with  water. 
In  this  way  you  can  get  a  pleasing  surface  which  does  not  show  cracks 
as  badly  as  a  rubbed  surface  does.  I  have  used  it  on  several  structures 
and   found  it  very  satisfactory. 
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Mr.  S.  P.  Brown: — If  the  Committee  is  going  to  continue  the  study 
of  this  subject,  I  think  it  would  be  well  for  them  to  take  up  the  subject 
of  plastering,  as  I  remember  seeing  it  done,  with  apparent  success,  in 
the  subways  in  Paris  when  they  were  being  built.  I  have  not  seen 
that  work  since  and  do  not  know  how  it  lasted,  but  it  is  to  be  assumed 
that  the  engineers  knew  what  they  were  doing  and  were  able  to  make  a 
satisfactorily  permanent  job.  The  form  work  was  very  rough,  there 
sometimes  being  a  difference  of  over  an  inch  in  thickness  between  the 
individual  pieces  of  lagging.  These  irregularities  were  covered  with 
cement  plaster,  which  was  applied  by  throwing  it  against  the  concrete 
with    their   hands. 

The  waterproofing  was  also  done  in  this  plaster  coating,  which  was 
sometimes  a  couple  of  inches  in  thickness.  Where  a  wet  spot  appeared 
in  the  roof  or  sides  of  the  tunnel,  a  herring-bone  was  tacked  to  the 
forms,  made  up  of  grass  rope,  usually  braided,  about  one  inch  in 
diameter.  The  herring-bone  led  down  from  the  wet  spot  to  the  base 
of  the  tunnel  wall.  After  the  forms  were  removed  the  grass  rope  was 
pulled  out,  leaving  chases  in  the  surface  of  the  concrete.  When  the 
plaster  was  applied,  pure  gum  rubber  tubes  were  laid  in  the  chases  and 
the  plaster  troweled  down  over  them.  The  plaster  was  put  on  in  com- 
paratively small  batches  and  allowed  to  set  sufficiently  to  permit  the 
rubber  tubes  to  be  pulled  out  before  the  next  batch  of  plaster  was  put 
on.  Thus,  the  herring-bone  chases,  just  inside  the  plaster  finish,  were 
formed  into  open  ducts  to  carry  the  water  down  to  the  base  of  the  side 
walls,  where  it  escaped  into  the  sub-grade  drains.  Practically  no  water- 
proofing was  attempted  outside  the  tunnel  walls.  The  result  was  pleasing 
and  apparently  entirely  successful. 

Personally  I  have  not  had  very  much  luck  in  making  plaster  stick 
to  tunnel  walls,  and  I   believe   authentic  information  would  be  valuable. 

Mr.  Churchill : — We  are  talking  on  two  different  lines,  at  least,  I 
am  talking  on  a  different  line  from  the  Committee.  What  I  refer  to  is 
the  so-called  Government  waterproof  wash  which  we  have  used  for  many 
years  with  success. 

Mr.  Thompson : — We  refer  to  a  plain  wash  of  cement. 

The   President: — What   is   the   difference? 

Mr.  Churchill : — I  cannot  give  you  off  hand  the  constituents,  but 
we   have   used   this   waterproof   coating    for   probably   twenty   years. 

W.   H.  Courtenay   (Louisville  &   Nashville)  : — Soap  and   alum  wash? 

Mr.  Churchill : — Alum  is  one  element.  The  formula  is  as  follows  : 
Mix  one  1)  pound  of  concentrated  lye  and  five  (5)  pounds  of  alum 
with  two  (2)  gallons  of  water,  care  being  taken  that  every  particle 
is  dissolved.  This  mixture  constitutes  the  stock.  To  one  (1)  pint  of 
stock  add  ten  (10)  pounds  of  Portland  cement,  thinning  out  the  mixture 
with  water  until  it  can  be  applied  easily  and  well  on  the  walls  of  the 
concrete  masonry  with  a  whitewash  brush  and  fill  all  the  pores  of  the 
masonry. 
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This  wash  should  lather  freely  under  the  whitewash  brush.  It  should 
not  be  applied  when  walls  are  too  hot  or  in  frosty  weather,  and  in  case 
the  wall  is  dry,  the  surface  should  be  wet  with  water  before  applying 
this  wash.  The  earlier  the  above  operations  are  performed  the  better 
will  be  the  result. 

The  President : — Is  there  anyone  else  who  desires  to  discuss  this 
question?  My  own  experience  is  directly  in  line  with  that  of  the  Com- 
mittee and  I  am  wholly  in  accord  with  this  conclusion  they  have  arrived 
at  in  regard  to  wash  cement.  It  has  not  proved  a  success  where  we  have 
used  it  on  our  work,  and  some  of  it,  I  am  free  to  confess,  we  are  very 
much  ashamed  of ;  it  does  not  look  well,  and  has  the  alligator  markings 
Mr.  Ray  mentions. 

Mr.  Condron : — Would  an  amendment  to  the  Chairman's  motion  be 
in  order,  that  the  specifications  be  published  in  the  Manual? 

The  President: — A  question  has  arisen  as  to  whether  we  wish  to 
approve  the  specifications  on  pages  221  to  224.  Do  you  wish  to  have 
these  approved  by  the  Association,  Mr.  Thompson,  and  have  them  in- 
cluded in  the  Manual  along  with  the  conclusions? 

Mr.  Thompson: — Yes,  we  would  "be  glad  to  have  that  done.  We 
thought  it  might  be  asking  too  much,  in  the  first  place,  but  as  long  as  it 
seems  to  be  desired,  we  would  be  glad  to  have  them  included. 

The   President : — These   specifications   are   before   you. 

Mr.  A.  W.  Carpenter  (New  York  Central)  : — I  move  that  they  be 
read. 

(Motion  seconded  and  carried.) 

The  President : — -The  Vice-Chairman  will  please  read,  starting  on  page 
221,  and  he  will  pause  after  each  paragraph  for  just  a  moment,  and  if 
there  is  no  discussion  we  will  pass  on  to  the  next  paragraph. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  have  no  objec- 
tion to  this  paragraph  of  the  specification,  but  wish  to  make  this  sug- 
gestion— it  is  not  well  to  interpret  these  specifications  as  suggesting  a 
latitude  in  the  construction  of  concrete  forms  with  an  indifference  to 
resulting  rough  work.  I  recognize  the  necessity  at  times  of  some  treat- 
ment of  concrete  surfaces.  The  better  plan  is  to  endeavor  to  secure  as 
nearly  a  perfect  concrete  surface  in  the  construction  of  the  work  as 
possible,  and  I  believe  that  if  we  would  put  a  little  more  money  into 
the  form  surfaces,  a  portion  of  which  would  be  liquidated  by  the  cost 
of  treating  the  concrete  surface,  we  would  find  it  practicable  to  produce 
a  surface  which  would  require  no  treatment.  I  understand  this  specifica- 
tion to  be   a  provision   for   a   surface   treatment   when   necessary. 

The  President : — That  is  set  forth — these  are  specifications  for  rub- 
bing with  carborundum  or  cement  bricks.  If  your  surface  is  so  good 
that  you  do  not  wish  to  have  it  rubbed,  it  is  not  necessary  to  apply  these 
specifications. 

(The  Vice-Chairman  read  the  section,  "Specifications  for  rubbing 
with  wooden  floats.") 
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Mr.  George  W.  Kittredge  (New  York  Central)  : — It  looks  to  me  as 
if  the  word  "washed"  in  the  second  paragraph  under  "specifications  for 
rubbing  with  wooden  floats"  was  used  in  a  different  sense  than  the  word 
washed  has  been  used  heretofore.  It  says  there  that  the  surface  shall 
be  thoroughly  washed.  Heretofore  it  has  said  that  the  work  shall  not 
be  washed.  I  think  they  refer  to  different  things.  Is  the  term  "washed" 
sufficiently  taken  care  of  to  apply  to  the  two  different  senses  in  which  it 
is  used?     That  needs  attention  by  the  Committee. 

The  President : — We  can  refer  that  matter  to  the  Committee  with- 
out taking  time  to  discuss  it. 

Mr.  Kittredge : — That  is  entirely  satisfactory. 

Mr.  Frink: — I  think  the  proportion  of  one  part  of  cement  to  two  parts 
of  coarse  sand  and  two  parts  of  granolithic  grit  is  good,  but  if  you  are 
going  to  use  a  coarse  aggregate,  say,  pebbles  from  %.  to  Y%  inch  in  size, 
you  would  have  to  have  a  larger  proportion  of  aggregate,  otherwise  it 
would  not  make  a  continuous  surface  on  the  concrete.  Some  of  the  best 
effects  on  the  brushed  concrete  is  obtained  where  you  use  pebbles  or 
crushed  stone  of  similar  size,  or  crushed  marble  or  red  sand,  which  will 
produce  a  color  effect.  If  you  make  a  finish  with  an  aggregate  of  H 
inch  in  size,  you  must  be  extremely  careful  to  get  the  exactly  proper 
proportion  of  aggregate  throughout  the  mortar.  You  must  not  have  too 
much  mortar.  If  you  do  you  will  have  streaks.  You  must  have  enough 
mortar  to  flush  all  the  spaces  full. 

I  think  there  should  be  a  provision  in  all  these  specifications  for 
surface  finish  that  the  brand  of  cement  shall  not  be  changed  in  the  work. 
•If  you  start  the  work  with  one  brand  of  cement  and  finish  it  with  an- 
other you  get  a  different  color.  I  think  you  have  all  probably  had  that 
experience. 

I  make  a  motion  that  the  paragraph  be  changed  to  vary  the  propor- 
tion where  you  use  an  aggregate,  say,  Y\  or  $i  inch  in  size,  to  about  1, 
2,  4,  with  the  proviso  that  the  engineer  in  charge  must  constantly  test 
it  to  see  that  he  is  getting  just  enough  aggregate  to  fill  the  surface  and 
just  enough  mortar  to  fill  the  holes.  It  is  a  nice  operation  and  one  that 
requires  constant  control.  I  do  not  think  that  we  can  specify  the  exact 
proportion  because  it  will  vary  according  to  the  character  of  the  aggre- 
gate, but  I  am  sure  it  will  be  a  greater  proportion  of  aggregate  than 
1,  2,  3. 

The  President : — I  think  that  is  what  the  Committee  intended  to  do, 
but  it  is  not  quite  clear  from  the  wording  that  they  have  accomplished 
it.  I  think  it  will  be  satisfactory  to  leave  it  to  the  Committee  to  revise 
this  section  so  that  these  parts  are  not  fixed  absolutely  just  as  they  are 
here,  but  will  vary  according  to  the  materials  that  will  be  used.  That  is 
your  point? 

M'r.  Frink : — Yes,  that  is  my  point. 

Mr.  Thompson : — That  is  one  reason  that  was  left  blank. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — I  would  like 
to  call  attention  to  one  point  which  I  think  should  be  taken  into  consid- 
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eration,  if  these  specifications  are  to  be  published  in  the  Manual.  In 
finishing  the  surface  of  the  concrete  by  any  tooling  method,  it  is  very 
essential  to  have  the  face  so  treated  in  a  continuous  run  of  concrete. 
Otherwise  there  is  sure  to  be  very  disfiguring  marks  where  the  day's 
run  starts.  For  instance,  if  you  construct  a  retaining  wall  from  the  bot- 
tom to  the  top  during  the  day  or  in  a  continuous  run,  the  surface  can 
be  tooled  in  any  manner  you  like,  without  having  construction  lines 
show  on  the  surface.  It  is  a  noted  fact  that  it  is  practically  impossible  to 
complete  one  day's  work  and  start  the  next  without  showing  a  line  on 
the  finished  face.  This  line  is  brought  out  very  prominently  when 
you  tool  the  face  of  the  concrete.  There  is  apt  to  be  a  little  sludge  on 
top  of  a  day's  run.  Even  when  this  sludge  is  all  taken  off  at  the  start 
of  the  next  day's  work  the  two  days'  work  are  apt  to  be  a  little  different 
in  color.  When  the  surface  is  too  large  to  complete  in  a  day,  then  the 
design  of  the  decorations  should  be  such  as  to  cover  up  the  construction 
cracks.  Originally,  we  permitted  foremen  and  contractors  to  build 
retaining  walls  about  as  they  desired.  Now  we  require  that  all  retain- 
ing walls,  regardless  of  height,  shall  be  constructed  from  the  bottom  to 
the  top  by  one  continuous  operation.  If  the  wall  is  in  a  wet  place  where 
there  is  water  behind  the  retaining  wall  you  are  certain  to  get  seepage 
through  the  horizontal  construction  joints.  In  most  wall  work  it  is  not 
a  difficult  matter  to  so  design  the  work  that  the  daily  construction  joint 
does  not  appear.  I  would  like  to  suggest  to  the  Committee  the  addition 
of  a  clause  in  paragraph  5  something  like  this  :  Where  practicable  the 
face  shall  be  a  continuous  run,  and  where  it  is  impracticable  to  place  the 
concrete  in  a  continuous  run  the  design  of  the  surface  decorations  shall 
be  such  as  to  hide  the  joints. 

Mr.  Thompson : — Part  of  Mr.  Ray's  remarks  are  taken  care  of  in 
paragraph  5,  page  222,  and  on  the  next  page,  224,  there  is  an  indication 
of  what  might  be  done  along  the  line  of  Mr.  Ray's  remarks. 

The  President : — Do  you  make  a  motion  to  that  effect,  to  have  that 
added? 

Mr.  Ray : — I  would  like  to  make  a  motion  that  that  be  added. 

The  President : — The  substance  of  that  is  where  tool  work  is  to  be 
done,  the  day's  run  be  made  in  such  a  manner  and  the  design  on  the 
surface  be  carried  out  in  such  a  way  as  to  obliterate  the  lines  between 
the  different  days'  work. 

Mr.  W.  R.  Edwards  (Interstate  Commerce  Commission)  : — I  rise 
to  a  point  of  information.  Should  not  paragraph  5  on  page  222  follow 
paragraph  4  on  page  223?  Isn't  there  a  misprint  in  the  Bulletin  on  that 
point?  It  seems  to  me  that  paragraph  5  belongs  to  specifications  for 
washed  and  scrubbed  surfaces  and  not  to  specifications  for  rubbing  with 
wooden  floats.  The  sense  is  better  followed  if  it  is  inserted  imme- 
diately after  paragraph  4,  page  223. 

The  President : — Mr.  Thompson  thought  paragraph  6  covered  the 
point  Mr.  Ray  was  trying  to  make.     Do  you  think  it  does,  Mr.  Ray? 

Mr.  Ray: — I  do  not  take  it  that  way. 
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Mr.  Thompson  : — The  point  that  Mr.  Ray  is  making  applies  to  all  of 
these  surfaces.  The  working  joints  should  be  taken  care  of  in  any 
system  of  decoration  or  in  any  concrete  work  where  there  is  no  decora- 
tion. In  retaining-wall  work,  or  construction  work  of  any  kind,  it  should 
be  done  in  such  a  way  that  those  defects  will  not  appear. 

The  President : — As  I  understand  it,  the  last  two  paragraphs  read 
by  Mr.  Thompson  are  information.  I  refer  to  what  he  says  in  regard 
to  the  wearing  surface  of  concrete  floors.  These  matters  are  not  rec- 
ommendations, but  information,  and  these  two  paragraphs  should  not 
be  put  in  the  Manual.  We  will  now  vote  on  these  specifications  as  a 
whole. 

Mr.  Campbell : — Before  we  take  this  vote  I  would  like  to  ask  the 
Committee  if  it  is  willing  to  substitute  in  these  specifications  the  word 
"should"  for  the  word  "shall"  wherever  "shall"  occurs?  We  are  pro- 
posing now  to  put  a  set  of  specifications  into  the  Manual  of  Recommended 
Practice.  These  specifications  are  not  really  mandatory,  but  they  are 
recommendations.  I  believe  it  is  well  to  substitute  for  the  word  "shall" 
the  word  "should,"  and  then  in  these  specifications  generally  we  will 
probably  find  some  specific  reason  for  it.  I  want  to  refer  you  to  (4)  on 
page  222,  under  specifications  for  rubbing  with  wooden  floats.  There 
it  says,  "All  work  shall  be  finished  free  from  discolorations,  streaks,  or 
other  imperfections  that  injure  the  appearance  or  life  of  the  work.  Some- 
times we  will  succeed  in  doing  that  and  at  other  times  we  will  not.  It 
is  frequently  impossible  to  do  it.  I  think  it  would  be  better  to  say  all 
work  should  be  finished  free  from  discolorations. 

Mr.  Churchill :— This  question  raised  by  Mr.  Campbell  has  been 
passed  on  by  this  Association  time  and  time  again.  I  suppose  the  Com- 
mittee will  change  that  without  any  vote  being  necessary.  We  avoid 
the  word  "shall,"  in  other  words,  in  the  specifications. 

Mr.  Thompson  : — There  are  some  cases  here  where  the  word  "shall" 
might  be  changed  to  the  word  "should,"  but  I  do  not  think  it  should 
be  changed  in  all  places. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  : — I  think  the  word  "shall"  is 
the  proper  word  to  use  in  the  specifications.  It  is  not  necessary  in  the 
adoption  of  the  specifications  to  say  that  these  specifications  "shall"  be 
used,  but  when  the  specifications  arc  used  by  any  railroad  in  a  contract, 
the  word  "shall"  is  the  word  that  should  be  used.  If  the  word  "should" 
is  left  in  the  specifications  and  they  are  copied  by  a  railroad  company, 
they  will  be  without  force. 

Mr.  A.  W.  Carpenter  (New  York  Central)  : — I  understood  you  to 
rule  that  the  last  two  paragraphs  should  be  omitted.  T  would  like  to  call 
your  attention  to  the  first  of  the  last  two  paragraphs,  which  refer  to 
concrete  floor.  The  heading  of  section  7  is,  "Sidewalk  and  floor  finishes," 
and  I  think  the  only  reference  to  floor  finishes  is  in  the  second  paragraph. 
It  looks  as  though  the  substance  of  what  is  said  there  ought  to  stay  in. 

The  President: — 1  think  possibly  you  are  correct.  I  think  that  that 
ought   to  have  a  number.     However,  part  of  it   is   information  and   not 
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specifications,  and  there  ought  to  he  a  distinction  made.  These  are  speci- 
fications that  we  are  adopting,  not  information.  I  think  that  we  could 
leave  that  to  the  Committee  to  call  that  No.  8  and  make  some  changes. 
With   your   permission   we   will   make   that   suggestion   to   the   Committee. 

Mr.  B.  R.  Leffler  (New  York  Central)  : — In  the  middle  of  paragraph 
7,  page  224,  it  says,  "The  top  surface  shall  he  well  troweled,  and  where 
necessary  prevent  slipping,"  and  so  forth.  It  seems  to  me  that  we  ought 
to  specify  that  slipping  shall  be  prevented  and  not  put  a  provision  in 
there  that  it  may  be  prevented,  because  I  think  it  has  been  recognized 
by  city  authorities  that  all  pavements  must  be  roughened.  In  Cleveland 
they  require  owners  to  actually  bushhammer  the  sidewalks  in  front  of 
their  property,  if  they  accidentally  receive  a  glassy,  hard  finish. 

I  make  a  motion  to  that  effect,  that  "the  top  surface  shall  be  well 
troweled  and  finished  with  a  rough  surface,"   for  the  first  clause. 

The  President : — Please  read  the  paragraph  as  you  would  like  to  have 
it,  so  that  we  will  get  it  clearly.  I  am  not  sure  whether  I  understand 
how  you  want  it  to  read. 

Mr.  Leffler : — It  have  not  formulated  it  very  clearly.  I  think  it 
might  be  this  way :  "The  top  surface  shall  be  finished  to  a  rough  surface 
with  a  bristle  or  coarse  broom,  or  roughened  with  a  tool."  The  wording 
should  be  improved. 

The  President: — It  is  a  question  whether  that  is  advisable.  There 
are  places  where  you  want  a  smooth  surface  inside. 

Mr.  Leffler :— That  is  the  point  that  I  had  in  mind.  Is  it  the  proper 
thing,  in  view  of  the  tendency  to  require  rough  surface,  to  specify  any  floor 
or  require  it  to  be  of  hard,  glassy  finish? 

Mr.  Condron  : — I  think  ordinarily  a  hard,  smooth  surface  is  desirable 
for  warehouse  purposes,  and  a  smooth,  glassy  floor  is  more  easily  kept 
clean. 

Mr.  W.  A.  Christian  (Interstate  Commerce  Commission)  : — I  am  of 
the  opinion  the  paragraph  would  be  satisfactorily  explained  by  omitting 
the  words  "where  necessary,"  the  wording  to  be  "top  surface  should  be 
well  troweled  to  prevent  slipping  and  where  necessary  finished  with  a 
wooden  float,"  etc. 

Mr.  Leffler: — I  think  that  will  fix  it.  The  Chair  has  already  called 
attention  to  the  fact  that  clauses  on  page  224  are  not  included  in  the 
specification,  but  are  simply  information.  That  same  remark  seems  co 
apply  to  the  clauses  on  page  223,  treatment  with  acid  and  treatment  with 
sand  blast,  and  in  this  connection  there  are  scattered  throughout  this 
specification  little  sentences  which  have  the  same  characteristics.  In 
No.  5  this  statement  occurs :  "This  treatment  carried  to  the  extent  of 
cutting  slightly  into  the  aggregate  produces  attractive  surfaces  and  bush- 
hammering  is  considered  by  many  to  give  the  best  possible  appearance  at 
a  reasonable  cost."  I  want  to  suggest  that  if  this  is  to  be  called  a  specifi- 
cation that  the  Committee  should  edit  it  a  little  bit,  and  convey  inform  i- 
tion  in  one  part  and  specifications  in  another. 
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Mr.  E.  B.  Temple  (Pennsylvania  Railroad)  : — I  do  not  think  that 
these  recommendations  are  in  the  sequence  they  should  be.  I  would 
suggest  that  this  matter  be  referred  back  to  the  Committee,  and  let  them 
go  over  it  carefully  next  year,  or  that  it  be  referred  to  the  Board  of 
Direction. 

Therefore,  I  move  that  this  matter  be  referred  back  to  the  Com- 
mittee. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — Speak- 
ing to  that  motion,  I  do  not  think  it  is  a  matter  that  ought  to  be  referred 
back  to  the  Committee  and  kept  out  of  the  Manual.  I  think  it  simply 
needs  editing.  The  basic  principles  have  been  set  down  and  they  are 
well  understood.  It  is  simply  a  question  of  separating  argument  from 
the  specifications.  The  Committee  can  do  that  very  well  without  having 
the  fundamental  questions  referred  back  to  them  again. 

Mr.  Ray : — Speaking  in  support  of  Mr.  Temple's  motion,  I  want  to 
say  that  in  reading  these  specifications  before  coming  to  the  convention 
I  did  not  go  over  them  with  the  idea  that  they  were  to  be  submitted  for 
adoption  in  the  Manual,  and  I  doubt  if  anybody  did.  I  agree  with  the 
conclusions  at  the  bottom  of  page  224,  and  I  am  willing  to  vote  for  those 
conclusions,  but  I  do  not  believe  the  specifications,  in  the  form  presented, 
should  go  into  the  Manual.  I  believe  they  should  be  carefully  gone 
over,  and  I  think  there  is  a  lot  of  additional  information  that  ought  to  lie 
put  in  the  specifications. 

Mr.  S.  P.  Brown : — Are  these  specifications  intended  to  be  used  as 
they  stand  or  merely  as  guides  to  engineers  who  are  preparing  specifica- 
tions? Is  that  a  point  to  be  considered?  If  they  are  merely  a  guide  to 
engineers  who  are  preparing  specifications  these  little  sidelights  that  we 
have  from  time  to  time  would  give  assistance. 

The  President : — We  are  trying  to  put  them  in  such  shape  that  people 
can   use  them. 

Mr.  C.  H.  Stein  (Central  Railroad  of  New  Jersey)  : — I  would  like 
to  say  that  notwithstanding  the  conclusions  of  the  Committee  were 
adopted,  it  seems  to  me  they  are  so  much  a  part  of  the  specifications 
that  their  insertion  in  the  Manual  would  be  incomplete  if  the  specifica- 
tions did  not  accompany  them.  I  am  of  the  opinion  that  we  ought  to 
reconsider  the  adoption  of  the  conclusions  and  refer  the  entire  matter 
back  to  the  Committee  so  that  it  can  re-prepare  the  specifications,  the 
subject-matter  of  which  is  good;  they,  however,  need  some  rearrangement. 
The  specifications  and  conclusions  are  inseparable  and  the  data  should  be 
referred  back  to  the  Committee  for  report  to  the  convention  in  1917. 

The  President: — Mr.  Ray  took  the  correct  view  of  the  specifications, 
that  is,  that  they  were  not  to  come  up  for  adoption  to-day.  They  were 
submitted  for  information. 

Mr.  Thompson  tells  me  he  did  not  expect  they  were  to  be  adopted 
to-day  for  inclusion  in  the  Manual,  but  it  looked  as  though  we  were  per- 
fectly willing  to  swallow  them  and  he  was  willing  to  unload  them  on  us. 
He  has  not  succeeded.     You  will  vote  now  on  the  motion  made  by  Mr. 
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Temple  and  duly  seconded,  to  refer  this  whole  subject  back  to  the  Com- 
mittee. 

(The  motion  carried.) 

Mr.  Stein :— I  understand  the  conclusions  have  been  referred  back  to 
the  Committee. 

The  President : — Yes^  unless  you  wish  to  make  another  motion. 

Mr.  Stein : — I  thought  the  conclusions,  having  been  adopted,  could 
not  be  referred  back  without  reconsideration. 

The  President : — We  did  adopt  them.  Possibly  it  would  be  best  to 
make  a  motion  to  reconsider  them. 

Mr.  Stein:— I  move  a  reconsideration  of  the  conclusions  already 
adopted. 

(The  motion  carried.) 

The  President : — Now,  possibly  we  would  better  have  a  motion  to 
refer  these  conclusions  back  to  the  Committee. 

Mr.  Temple : — I  think  the  conclusions  are  good,  but  I  think  it  would 
be  better  to  refer  the  other  matter  to  the  Committee  also.  I  think  we 
all  agree  to  that,  and  we  have  got  the  benefit  of  the  conclusions,  now, 
and  we  can  carry  them  away  with  us,  but  it  would  be  better  to  have  the 
conclusions  referred  back  also. 

Mr.  Thompson : — The  Sub-Committee  on  Foundations,  Abutments,  Re- 
taining Walls  and  Arches  made  a  progress  report,  and  they  are  work- 
ing on  some  forms.  This  work  will  go  on  during  the  next  year.  On 
pages  214  and  215  there  is  given  some  information  in  regard  to  Joint 
Committee  on  specifications  for  cement.  The  Sub-Committee  have  heard 
of  some  criticism  in  regard  to  the  statement  made  on  page  215  and  they 
would  like  to  change  the  word  "resented"  in  line  6  to  "objected,  to,"  and 
the  word  "forced"  in  line  9  to  "urged."  The  Sub-Committee  would  like 
to  have  the  three  questions  on  page  216  voted  on  by  the  Association,  as 
the  Sub-Committee  is  divided  in  the  matter  and  cannot  agree  on  it. 
There  is  to  be  a  joint  meeting  on  March  28,  and  they  would  like  to  have 
instructions  of  the  Association  as  to  what  position  the  Association  wants 
to  take  in  this  matter.  The  items  referred  to  are  as  follows:  (1)  Are 
steel  reinforcing  bars  rolled  from  steel  rails  recommended  for  general 
use  in  reinforced  concrete  construction;  (2)  are  steel  reinforcing  bars 
rolled  from  steel  rails  recommended  for  general  use  in  reinforced  con- 
crete construction,  provided  such  bars  are  used  only  when  the  bars  do  not 
require  to  be  bent;  (3)  are  steel  reinforcing  bars  rolled  from  steel  rails 
recommended  for  general  use  in  reinforced  concrete  construction  under 
the  same  conditions  as  steel  reinforcement  bars  rolled  from  billets  under 
the  requirements  of  the  specifications  for  high  carbon  steel  of  the  Ameri- 
can Society  for  Testing  Materials? 

The  President : — The  Committee  are  asking  the  Association  now  for 
instructions,  and  ask  you  to  give  your  preference  or  your  vote  in  regard 
to  No.  1.  What  is  your  wish?  Can  the  Committee  give  us  any  infor- 
mation on  the  subject  as  to  why  the  question  is  raised? 

Mr.   Thompson  : — The   Committee   is   hopelessly   divided. 
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Mr.  Condron: — Regarding  the  use  of  "re-rolled  steel"  for  reinforce- 
ment of  concrete,  the  following  facts  are  worthy  of  consideration:  First, 
all  steel  bars  may  be  said  to  be  "re-rolled,"  that  is,  steel  blooms  are  first 
cast  and  then  these  blooms  are  rolled  into  billets.  These  billets  are  after- 
wards heated  to  a  rolling  temperature  and  rolled  into  bars  of  specified 
size.  Or  billets  may  be  rolled  into  other  shapes.  Sometimes  blooms  are 
rolled  into  rails  instead  of  into  billets.  These  rails  are  shipped  after 
due  inspection  and  are  laid  in  railroad  tracks.  There  the  rails  remain 
until  the  heads  become  worn  or  traffic  demands  a  heavier  rail.  Then 
the  rails  are  taken  up  and  either  relaid  in  secondary  tracks  or  they  are 
sold.  The  so-called  re-rolling  mills  buy  such  rails  and  cut  them  into 
shorter  lengths  to  place  in  heating  furnaces.  Therefore  these  10  ft.  or  15 
ft.  rails  are  really  steel  billets  to  all  intents  and  purposes.  If  the  steel  rails 
have  been  overstrained  in  service  it  is  reasonable  to  suppose  that  the 
reheating  must  remove  such  overstrain.  After  the  rails  are  heated  it 
is  customary  to  make  two  longitudinal  cuts  so  as  to  separate  the  head  and 
the  flange  from  the  web.  The  heads  are  rolled  into  the  larger  section 
bars  and  the  flanges  and  webs  into  smaller  sections  of  bars  or  angles,  etc. 

Of  course  other  material  than  rails  finds  its  way  to  a  re-rolling  mill, 
and  therefore  it  is  customary  for  some  engineers  to  limit  their  use  of 
re-rolled  steel  bars  to  bars  re-rolled  from  railroad  rails.  This  limitation, 
under  proper  inspection,  is  desirable,  for  railroad  rails  are  a  fairly  uni- 
form product,  at  least  they  are  usually  made  of  what  is  known  as  "rail 
carbon  steel,"  and  such  steel  will  have  an  elastic  limit  of  50,000  lbs.  or 
more  per  square  inch.  It  is  possible  to  make  a  reasonable  number  of 
tests  on  finished  bars  and  so  keep  a  check  on  the  material  furnished. 

It  has  always  seemed  to  the  speaker  that  of  all  classes  of  engineers 
railroad  engineers  would  be  the  last  to  condemn  or  decline  to  use  rein- 
forcing bars  re-rolled  from  rails,  because  if  the  steel  used  in  the  rails 
is  not  good  enough  to  be  used  as  a  direct  tension  member  in  reinforc- 
ing concrete  it  certainly  should  never  be  used  in  tracks  where  it  is  con- 
stantly subjected  to  the  severest  kinds  of  stresses  in  rapid  reversal  from 
tension  to  compression,  to  say  nothing  of  transverse  shear. 

In  a  concrete  structure  the  bar  is  subjected  only  to  tension,  and  only 
so  much  tension  as  can  be  developed  in  the  bar  through  the  bond  or 
adhesion  of  the  concrete  to  the  surface  of  the  bar.  Some  say  they 
would  be  willing  to  use  re-rolled  bars  except  where  bent  bars  are  required. 
This  is  because  they  are  afraid  bending  will  break  the  bar.  Is  it  not 
wiser  to  say  that  in  case  of  any  doubt  about  the  material  it  would  be 
used  only  for  bent  bars,  and  in  case  a  bar  broke  in  bending  it  would  be 
rejected?  It  is  true  that  some  types  of  deformed  bars,  so  deformed 
to  increase  the  bond  with  concrete,  frequently  break  in  bending.  This  is 
particularly  true  in  case  these  bars  are  rolled  of  high  carbon  steel  because 
in  rolling  the  knobs  or  ribs  on  their  surfaces  unequal  stresses  are  set  up 
in  the  bar,  particularly  if  the  bar  is  finished  too  cold.  Little  or  no 
trouble  is  experienced  in  bending  plain   round  liars  of  high  carbon  steel. 
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and  it  is  possible  to  avoid  the  weakness  referred  to  in  the  case  of 
deformed  bars. 

It  therefore  seems  to  the  speaker  that  this  Association  should  not  go 
(in  record  as  opposed  to  bars  re-rolled  from  rails,  but  rather  that  it 
should  prepare  a  reasonable  specification  and  recommend  for  use,  to  gov- 
ern the  acceptance  of  such  bars  and  leave  its  membership  free  to  indi- 
vidually decide  when  and  where  and  how  he  will  use  a  material  which 
has  much  more  in  its  favor  than  can  be  said  against  it. 

In  the  extreme  West  a  market  is  created  for  wornout  rails  by  the 
fact  that  mills  have  been  equipped  to  re-roll  these  rails  into  bars  for 
reinforcing  concrete.  This  material  is  made  readily  available  to  the 
advantage  of  the  railroads  who  sell  as  well  as  to  all  users,  whether  rail- 
roads or  others.  Many  thousands  of  tons  of  such  bars  have  been  used 
by  railroads  radiating  from  Chicago,  and  so  far  as  the  speaker  is  aware 
no  ill  has  resulted. 

Regarding  bending  of  bars,  some  attention  should  be  given  to  the 
bending  apparatus  used,  as  that  is  very  important,  and  also  as  to  whether 
the  ribs  or  bumps  on  the  bars  increase  their  liability  to  break  in  bending. 
Deformed  bars  are  desirable,  as  they  increase  the  bond  strength,  but  the 
deformations   may  explain  breakages   in   bending  also. 

The  President : — Has  anyone  any  experience  that  would  lead  to  an 
adverse  vote  as  to  using  bars  rolled  from  rails? 

Mr.  Courtenay : — It  is  a  pretty  well-established  fact  that  those  who 
have  used  old  rails  know  that  they  are  very  brittle  at  times,  and  there 
is  a  greater  lack  of  uniformity  in  rails  than  there  is  in  ordinary  medium 
or  low  carbon  open-hearth  steel.  These  reinforcing  bars  are  subject  to 
pretty  rough  handling  by  inexperienced  men,  in  the  South  generally 
negroes.  They  are  frequently  abused,  and  I  think  it  is  running  a  rather 
undue  risk  to  use  reinforcing  bars  generally  rolled  from  old  rails,  on 
account  of  the  uncertainty  of  the  material. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  would  be  inclined  to  agree 
with  Mr.  Courtenay  on  that.  We  know  that  there  is  a  marked  differ- 
ence between  the  new  rail  and  the  rail  that  has  been  in  use.  Take  a  rail 
that  has  been  used,  on  the  outside  of  a  curve  and  no  trackman  would 
dare  turn  it  around  and  reverse  the  curvature  and  use  it.  There  must 
have  been  a  change  of  structure  in  that  rail  to  have  brought  about  that 
condition ;  and  we  know  that  the  top  surface  of  the  rail,  where  it  has 
been  heavily  rolled,  is  different  from  the  interior  surface,  and  it  seems 
to  me  that  there  would  be  a  risk  in  using  bars  that  were  rolled  from  old 
rail.  I  would  certainly  wish  to  have  them  very  thoroughly  tested  before 
it  was  done. 

I  would  like  to  ask  Mr.  Condron,  how  can  lie  know  that  the  struc- 
ture of  the  steel  is  the  same  after  it  has  been  re-heated  that  it  was 
before?  Our  experience  with  re-rolled  rails  has  been  that  they  furnish 
a  higher  percentage  of  breakage  than  new  rails.  A  great  many  of  us 
believe  that  transverse  fissures  develop  after  the  rail  has  been  in  us?. 
How   could   vou   know   that   there   were   not   transverse   fissures   in    some 
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of  the  rail  that  was  re-rolled?  It  seems  to  me  that  there  is  certainly 
an  element  of  uncertainty  in  the  use  of  old  rails  for  this  purpose,  and  I 
believe  we  should  put  it  to  such  tests  as  have  been  stated. 

Mr.  Campbell : — I  am  of  the  opinion  that  any  rail  that  has  carried 
traffic  until  it  should  be  removed  from  the  track  is  probably  composed 
of  good  material  and  is  a  reliable  article.  I  am  of  the  opinion  that  Mr. 
Condron  has  fairly  stated  the  matter  of  re-rolling.  I  do  not  have  suffi- 
cient specific  knowledge  about  the  matter  and  I  question  whether  this 
Association  as  a  body  has  looked  into  this  question  and  is  sufficiently 
familiar  with  it  to  give  a  final  answer  upon  it  this  afternoon.  This  is  a 
question  which  should  be  settled  by  special  qualification  and  as  the 
result  of  a  special  investigation  by  men  specially  qualified.  I  believe  it 
is  up  to  this  Committee  to  determine  this  question  and  come  before  the 
Association  with  a  recommendation  rather  than  to  ask  us  to  decide  this 
important  question  without  sufficient  knowledge. 

Dr.  P.  H.  Dudley  (New  York  Central)  : — I  saw  to-day  rails  which 
have  been  severely  strained  in  the  gagging  which  have  developed  into 
checks  in  the  subsequent  service  in  the  track.  These  checks  were  not 
welded  in  the  re-rolling  of  the  metal.  Should  there  be  cracks  or  fissures 
in  the  rails,  they  would  roll  out  in  the  bars,  but  the  surfaces  of  the 
cracks  or  fissures  would  not  be  welded. 

The  President : — It  seems  as  if  the  suggestion  made  by  Mr.  Campbell 
is  a  very  wise  one.  We  are  hardly  justified  this  afternoon,  with  the 
information  that  we  have,  in  voting  on  the  questions  that  have  been  sub- 
mitted to  us.  It  looks  as  if  it  would  be  advisable  to  refer  this  back  to 
the  Committee  and  see  if  they  cannot  come  here  a  year  from  now  with 
a  definite  recommendation  on  which  we  can  vote. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  :— I  quote  from  page  215: 
"The  general  opinion  of  a  number  of  members  of  the  Joint  Committee 
is  that  the  Committee  has  outlived  its  usefulness  and  an  early  closing 
of  its  affairs  is  looked  for."  It  would  appear  that  we  should  have  some 
explanation  of  that  statement  in  order  to  know  whether  our  commission 
is  being  duly  executed  or  not,  or  whether  there  is  any  further  necessity 
for  the  commission. 

Mr.  Thompson : — This  is  a  Joint  Committee,  composed  of  members 
of  the  American  Society  of  Civil  Engineers,  the  American  Society  for 
Testing  Materials,  the  American  Concrete  Institute  and  Cement  Manu- 
facturers' Association.  Certain  members  of  this  Association  meet  with 
the  gentlemen  representing  other  associations.  There  is  to  be  a  meet- 
ing in  New  York  March  28,  to  vote  on  this  proposition,  which  is  sup- 
posed to  be  a  final  vote  in  regard  to  the  adoption  of  this  matter.  For 
that  reason  the  Joint  Committee  representing  this  Association  wanted 
some  instructions,  or  at  least  to  find  out  how  the  members  feel  in  the 
matter. 

Mr.  McDonald: — I  would  like  to  ask  Dr.  Dudley  to  explain  to  us 
what  will  be  the  effect  of  rolling  out  the  transverse  fissure.  I  have  seen 
high-tension  bars  break   when   dropped   off  of   a   wagon.     We   all   know 
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that  different  rails  in  different  heats  have  different  degrees  of  brittle- 
ness.  Whether  breakages  are^due  to  transverse  fissures  or  not  is  not 
always  determined.  I  believe  it  would  be  well  to  have  some  gentleman 
enlighten  us  on  the  question  of  transverse  fissures,  because  we  know 
there  are  transverse  fissures  concealed  in  rails  after  they  have  been  long 
in  service. 

The   President: — Dr.   Dudley,   will  you   please  answer  the   question? 

Dr.  P.  H.  Dudley: — The  separation  of  the  surfaces  of  metal  is  not 
closed  in  re-rolling.  Material  for  re-rolling  should  be  carefully  selected 
to  secure  sound  bars. 

Mr.  Carpenter : — I  do  not  know  that  I  am  much  in  favor  of  the  re- 
rolled  bar,  but  so  far  as  the  old  rails  are  concerned  I  would  like  to  call 
attention  to  the  fact  that  we  have  built  hundreds  of  small  bridges  with 
old  rails  as  the  supporting  material ;  they  seem  to  be  satisfactory. 

Mr.  Leffler : — An  important  point  in  the  use  of  high  carbon  bars  is 
this :  There  is  a  tendency  to  use  high  unit  stresses  in  designing  and 
using  high  carbon  bars,  and  it  seems  to  me  that,  in  connection  with  the 
defects  which  we  know  occur  in  high  carbon,  we  should  eliminate  such 
material  from  reinforced  structures,  particularly  where  the  bars  must 
be  bent.  Possibly,  where  the  bars  are  straight,  we  can  slip  through 
without  having  serious  accidents. 

The  President : — It  would  be  unwise  for  us  this  afternoon  to  vote 
on  this  question.  I  think  we  will  have  to  allow  our  Committee  to  go  to 
this  meeting  which  is  called  for  March  28,  and  exercise  its  best  judg- 
ment with  the  information  it  has  before  it.  The  Committee  is  probably 
better  qualified  to  vote  on  this  subject  and  act  on  it  than  the  majority 
of  members  here.  That  action  will  be  brought  here  a  year  from  now, 
if  you  agree  with  me,  and  then  we  will  have  the  information  before  us 
and  we  can  either  agree  to  what  they  agree  to  or  we  can  disagree  and 
change  their  recommendations.  If  there  are  no  objections  to  this  line 
of  procedure  we  will  leave  the  matter  in  the  hands  of  the  Committee  to 
be  so  acted  on. 

Mr.  R.  M.  Wilson  (University  of  Australia)  : — There  is  one  point 
I  would  like  to  hear  an  opinion  on.  In  speaking  to  leading  contractors 
of  this  city  yesterday,  they  said  in  cold  weather  the  steel  became  brittle. 
I  have  been  wondering  what  the  effect  of  bending  reinforcing  bars  is  in 
cold  weather,  and  whether  there  is  any  possibility  of  cracks  from  those 
bends. 

Mr.  Kittredge : — Before  deciding  on  that,  it  might  be  illuminating 
to  some  of  us  to  know  who,  of  this  Committee,  is  to  act  with  the  Joint 
Committee,  and,  possibly,  how  those  members  stand.  I  can  well  see 
there  might  be  a  decided  advantage  in  having  certain  members  repre- 
sent us,  Mr.  Condron  for  one ;  we  might  be  perfectly  willing  to  leave  it 
to  him. 

Mr.   Condron : — Mr.   Condron   is   not   a   member  of   that   Committee. 

Mr.  Kittredge : — Mr.  dishing  raised  the  point  as  to  why  there  was 
a  recommendation  that  that  Committee  had  outlived  its  usefulness.  Tt 
seems  to  me  that  it  might  be  verv  useful  now. 
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The  President: — I  think  possibly  that  was  written  by  the  Chairman  of 
the  Committee,  was  it  not? 

Mr.   Thompson  :— Yes,  sir. 

The  President: — Unfortunately,  Mr.  Schall,  the  Chairman,  is  not 
here  to-day.  He  has  been  attending  the  joint  meetings  with  the  other 
societies,  and  I  think  he  has  the  feeling  that  we  are  not  getting  any- 
where in  the  Joint  Committee  work,  and  it  is  his  belief  that  we  ought 
to  do  what  we  think  is  right  regardless  of  what  other  people  want 
to    do. 

Prof.  A.  N.  Talbot  (University  of  Illinois)  : — As  a  member  of  the 
Joint  Committee  on  Concrete  and  Reinforced  Concrete,  I  think  it  may 
be  well  to  say  that  the  Joint  Committee  as  a  whole  is  of  the  opinion 
that  it  is  best  to  make  a  final  report  and  withdraw,  and  that  when  any- 
thing arises  in  the  future  for  such  a  committee  the  matter  can  be  taken 
up  anew,  a  new  membership  formed  and  fresh  results  obtained.  So,  for 
some  time,  the  Committee  has  been  working  toward  that  end.  This 
matter  of  reinforcing  is  one  of  the  questions  still  up  for  discussion.  I 
understood,  however,  that  at  a  meeting  in  New  York  in  January — and 
I  was  not  able  to  attend  the  full  session — an  agreement  was  reached  by 
which  no  change  was  to  be  made  in  the  specifications.  The  former 
specifications  provided  for  the  inclusion  of  reinforcing  bars  made  of 
soft  steel ;  did  not  include  anything  for  the  high  carbon  steel. 

The  President: — Is  there  any  objection  on  the  part  of  the  Associa- 
tion to  permitting  this  matter  to  take  the  course  suggested  by  the  Chair- 
man? If  there  is  no  objection,  we  will  understand  that  that  is  agreed 
to.  The  Committee  makes  recommendations  on  page  216  with  reference 
to  next  year's  work,  and  this  is  referred  to  the  Committee  on  Outline 
of  Work.  There  is  nothing  further  for  this  Committee  to  report  and 
the  Committee  is  excused,  with  the  thanks  of  the  Association. 
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A.  S.  Baldwin.  Robt.  W.  Hunt. 

W.  C.  Cushing.  C.  A.  Morse. 

J.  M.  R.  Fairbairn.  Bradley  Stoughton. 

C.  W.  Gennet,  Jr.  John  G.  Sullivan. 

J.  H.  Gibboney.  M.  H.  Wickhorst. 

The  President: — We  are  greatly  honored  this  evening  in  having 
with  us  Capt.  Robt.  W.  Hunt.  Capt.  Hunt  has  had  much  experience  in 
the  rolling  of  rails  at  the  Algoma  steel  mills  for  the  Illinois  Central 
Railroad,  and  he  has  prepared  a  paper  on  the  subject  of  "The  Nick  and 
Break  Test  in  the  Inspection  of  Steel  Rails."  He  has  done  us  the  honor 
of  coming  all  the  way  from  Florida  to  be  here  to-night  at  this  meeting, 
and  I  am  sure  we  appreciate  Captain  Hunt's  interest  in  our  welfare  in 
making  this  trip  at  this  time  of  the  year  when  he  would  very  much 
prefer  to  stay  down  in  Florida  and  play  golf,  so  you  see  the  interest 
he  has  in  coming  here  to  talk  to  us  on  this  most  interesting  subject.  He 
is  so  well  known  to  all  of  you  that  it  is  needless  to  make  any  long 
introductory  speech,  and  I  have  a  great  deal  of  pleasure  in  presenting 
to  you  to-night  Capt.  Robt.  W.  Hunt,  who  will  talk  to  us  on  this  nick 
and   break   test   in   the   inspection   of   steel   rails. 

Capt.  Robert  W.  Hunt : — Mr.  President  and  Gentlemen  :  The  Presi- 
dent certainly  was  right  in  assuming  that  it  gives  me  pleasure  to  be 
with  you  to-night.  One  of  the  penalties  that  I  have  paid  for  spending 
my  winters  in  Florida  during  the  past  years  has  been  the  fact  that  so 
doing  has  kept  me  from  having  the  benefit  and  pleasure  of  attending 
your  annual  conventions.  I  remember  distinctly  the  early  days  of  your 
organization.  I  had  the  pleasure  for  a  number  of  years  of  being  with 
you  at  these  sessions,  which  were  always  interesting  and  instructive, 
and  I  know  that  your  organization  is  playing  a  tremendous  part  in  pro- 
moting the  better  operation  of  the  railroads  of  the  United  States. 

My  pleasure  in  being  with  you  to-night  is  marred  greatly  by  a 
physical  disability  that  I  have.  Unfortunately,  something  happened  to 
me  on  the  way  up  here.  I  think  it  was  because  of  my  eating  some  St. 
John's  River  shad.  I  got  a  little  dose  of  ptomaine  poisoning,  and  it 
has  affected  me  in  a  peculiar  way,  in  my  eyesight,  so  that  it  is  impos- 
sible for  me  to  read.  I  am  glad  to  say  that  my  ailment  is  improving,  but 
I  will  have  to  delegate  to  my  co-laborer  in  the  preparation  of  this  paper, 
Mr.  Gennet,  the  duty  of  reading  it  to  you. 

We  have  spent  a  great  deal  of  thought  and  a  great  deal  of  time 
in    preparing   this    paper,    I    know,    and    we    have   approached   the    subject 
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in  an  honest  spirit.  While  we  hoped  to  prove  something,  we  did  not 
try  to  prove  it — we  entered  upon  the  investigation  with  open  minds,  we 
allowed  the  results  to  speak  for  themselves,  and  I  think  you  will  be 
convinced  of  that  spirit  of  ours  by  the  paper  itself,  because  we  give 
you  all  sides  of  the  subject.  We  have  suppressed  nothing.  Personally, 
I  think  the  results  obtained  are  most  gratifying,  and  when  you  come  to 
understand  and  appreciate  the  details,  I  believe  you  will  unite  with  me 
in  holding  that  the  inspectors  did  extremely  good  work. 

Some  of  you  know  that  a  number  of  years  have  passed  during 
which  I  personally  have  tried  my  best  to  have  this  nick  and  break  test 
given  a  practical  demonstration,  but  for  a  long  time  my  efforts  were 
unsuccessful.  We  were  met  by  the  United  States  rail  makers  with 
objections,  they  assuming  that  it  would  add  greatly  to  the  cost  of  manu- 
facture, in  that  it  would  retard:  their  production ;  at  all  events  none  of 
them  were  willing,  I  think  I  am  right  in  saying,  to  even  set  a  price  at 
which  they  would  be  willing  to  undertake  a  contract.  They  certainly 
were  very  positive  they  would  not   do   it  without  a  premium  being  paid. 

It  happened,  owing  to  the  extremely  bard  times  in  Canada,  that  the 
Algoma  Steel  Company  was  short  of  work.  They  approached  the 
Canadian  Pacific  Railway  to  give  them  an  order  for  10,000  tons  of  rails 
so  that  they  might  keep  their  mills  going  and  give  their  people  some 
work.  I  happened  to  be  in  Montreal  at  the  time  when  the  management 
had  the  subject  under  consideration,  and  in  conferring  over  it  we  con- 
cluded that  it  was  a  most  excellent  opportunity  to  try  to  get  the  nick 
and  break  test  subjected  to  a  practical  demonstration.  The  result  was 
that  the  Algoma  Steel  Company  was  told  that  they  could  have  an  order 
for  10,000  tons  of  rails,  provided  they  would  make  them  under  specifica- 
tions embodying  the  nick  and  break  test.  After  some  negotiation  they 
agreed  to  do  it. 

The  manufacturing  results  which  they  obtained  were  so  satisfactory 
that  when  they  came  down  into  the  States  to  try  to  sell  rails  to  our 
American  roads  they  voluntarily  offered  to  take  an  order  from  the 
Illinois  Central  Railroad  Company  for  some  35,000  tons  of  rails,  subject 
to  that  test,  without  any  extra  compensation.  It  is  the  results  obtained 
in  the  making  of  these  35,000  tons  of  rails  that  we  are  going  to  present 
to  you.  Mr.  Gennet  has  had  the  labor  incident  to  the  preparation  of  the 
specimens  which  we  are  going  to  submit  to  you.  He  has  given  a  great 
amount  of  time  and  labor  to  it  and  worked  conscientiously.  We  put 
the  whole  resources  of  Robert  W.  Hunt  &  Co.'s  testing  laboratories 
at  his  command.  As  I  have  already  said,  we  want  to  give  you  the  exact 
truth.  You  will  see  both  the  weaknesses  and  the  strength,  the  accom- 
plishments and  the  failures,  and  I  will  say,  considering  that  it  was  a 
new  departure,  I  think  our  inspectors  did  wonderfully  well. 

Now,  it  goes  without  saying  that  everybody  and  anybody  cannot 
do  it,  and  I  think  that  is  just  what  we  want  in  all  kinds  of  inspection. 
We  want  the  kind  of  inspection  that  anybody  cannot  do.  You  want 
an  intelligent   and  trained   and   reliable   individual   to   supervise  the   prod- 
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net  under  your  specifications,  let  them  be  what  they  may.  Our  work 
will  speak  for  itself,  and  without  further  detaining  you  I  will  ask  Mr. 
Gennet  to  present  the  paper. 

(Mr.  C.  W.  Gennet,  Jr.,  then  read  the  paper,  and  commented  on 
the  lantern  slides.) 

The  President : — The  purpose  of  having  this  paper  to-night  was  to 
have  it  discussed  by  anyone  desiring  to  do  so.  Mr.  Sullivan,  have  you 
anything  to  say  in  regard  to  this  paper? 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — I  think  this  Association 
owes  considerable  to  Capt.  Hunt  and  Mr.  Gennet  for  this  paper  and 
the  care  with  which  it  has  been  gotten  up.  I  can  add  but  little  to  what 
has  already  been  said.  It  has  been  my  personal  opinion  that  the  testing 
of  every  ingot  was  the  logical  way  of  making  tests.  Some  eight  years  ago 
the  Dominion  Steel  and  Iron  Company  were  making  objections  to  some 
of  our  specifications,  and  they  claimed  that  they  would  rather  test  every 
ingot.  We  gave  them  that  permission.  We  wrote  in  our  specifications 
a  clause  giving  them  permission  to  test  every  ingot,  but  when  we  came 
to  get  them  to  enforce  their  own  suggestions  they  wanted  two  dollars 
per  ton  extra.  I  got  from  our  Engineer  in  Montreal  to-day,  who  is  in 
charge  of  rail  specifications  for  our  road,  some  interesting  figures  in 
this  connection.  It  only  confirms  what  the  Captain  said  in  his  paper. 
Of  the  first  week's  work,  139  heats,  there  were  286  rails  rejected.  Not 
a  single  rejection  was  made  in  that  amount  of  heats  on  account  of  a 
drop  test  failure,  and  the  chances  are  that  in  that  particular  case,  had 
they  been  working  under  our  old  specifications,  there  would  have  been 
very  little,  if  any  rejections.  It  might  have  been  possible  that  on  the 
few  rails  that  were  nicked  and  broken  later,  it  would  have  led  to  rejec- 
tion. Of  those  286  rejected  rails,  267  were  A  rails,  13  were  B  rails  and 
only  6  were  C  rails.  I  am  advised  by  the  inspectors,  of  the  entire 
10,000  tons,  that  there  were,  of  322  heats,  approximately  26,000  rails, 
there  would  have  been  2  heats  rejected;  in  the  second  week's  rolling, 
under  old  specifications,  there  were  rejected  on  account  of  the  nick  and 
break  tests  263,  and  they  reported  to  us  had  they  inspected  those  rails 
on  the  American  Railway  Engineering  Association  specifications,  they 
would  have  rejected  911.  So  it  appears  to  the  advantage  of  the  mills 
to  have  the  nick  and  break  test  adopted,  and  not  to  the  advantage  of 
the  railroad  company  only. 

Mr.  J.  M.  R.  Fairbairn  (Canadian  Pacific)  : — I  do  not  know  that  I 
can  add  anything  to  what  Mr.  Sullivan  has  said  in  regard  to  the  inspec- 
tion of  the  10,000  tons  that  we  rolled  last  year.  We  have  found  very 
good  satisfaction  from  what  we  have  put  in  the  track,  but  they  are  not 
all  in  the  track  yet.  Our  general  feeling  about  the  nick  and  break  test, 
when  Capt.  Hunt  suggested  it  to  us,  was  that  the  heat  as  a  whole  was 
checked  for  chemistry  by  the  drop  test,  and  if  the  chemistry  was  right 
the  drop  test  would  stand ;  on  the  other  hand,  that  each  individual  ingot 
had  a  physical  characteristic  of  its  own  and  that  the  nick  and  break- 
test   would    determine   whether   the   physical   condition   of   the  .ingot   was 
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proper  or  not.  That  was  practically  the  basis  on  which  we  felt  that 
the  nick  and  break  test  was  the  proper  thing  to  go  to  and  on  which  we 
adopted  it. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  will  say  a  word  in  con- 
nection with  these  tests.  So  much  was  said  about  the  result  from  the 
standpoint  of  segregation  that  I  think  tbere  is  a  possibility  that  the 
results  from  piping  may  be  overlooked.  In  the  Illinois  Central  tests  of 
the  rails  produced  from  Algoma  there  were  930  rails  which  disclosed 
pipes  and  were  rejected,  that  would  have  been  accepted  under  the 
American  Railway  Engineering  Association  specifications.  From  the 
beginning  of  these  purchases,  in  all  of  the  tests,  accurate  records  were 
kept  to  show  exactly  what  would  have  been  the  result  under  the  Ameri- 
can Railway  Engineering  Association  specifications  as  compared  with 
the  nick  and  break  test  on  every  ingot  so  as  to  be  able  to  make  compari- 
sons at  the  end  of  the  work.  There  were  930  rails  that  would  have 
been  accepted  and  gone  into  the  track  that  were  rejected.  It  was  almost 
inevitable  that  sooner  or  later  some  of  these  rails  would  have  given 
down  under  traffic.  We  all  remember  the  various  stages  that  we  went 
through  in  the  effort  for  years  to  find  out  what  was  a  safe  amount  of 
discard  in  the  ingot,  and  we  know  how  for  years  it  was  specified  in 
percentage,  and  many  of  us  in  our  specifications  were  desirous  of  making 
this  very  high.  At  the  same  time  we  knew  that  a  great  deal  of  good 
metal  was  being  discarded,  but  we  did  not  know  where  it  was  safe  to 
stop,  because  we  did  not  know  where  the  segregation  and  the  piping 
discontinued.  It  seems  to  me,  that  under  the  nick  and  break  test  on 
every  ingot  we  have  developed  a  method  for  safe,  progressive  discard 
on  the  ingot,  and  I  believe  that  is  the  true  value  of  it.  In  other  words, 
that  it  takes  out  of  the  ingots  what  metal  is  not  good,  and  at  the  same 
time  gives  the  manufacturer  credit   for  metal   that  is  good. 

The  most  interesting  feature  of  this  test  is,  what  will  be  disclosed 
in  the  future.  We  have  had  those  rails  in  the  track  ten  months,  and 
we  cannot  feel  in  so  short  a  time  as  that  that  we  have  sufficient  data 
to  say  absolutely  what  will  be  the  result.  At  the  same  time  we  have  at 
this  time  gotten  some  results  that  I  think  are  quite  significant. 

In  1913,  we  produced  from  a  mill  which  I  will  designate  as  No.  1, 
5,000  A  rails.  At  the  end  of  ten  months  there  had  been  14  failures  in 
tbose  A  rails,  or  28  per  ten  thousand  A  rails.  From  the  same  mill,  in 
1914,  we  produced  10,000  A  rails.  At  the  end  of  10  months  there  had 
been  five  failures  of  those  rails,  or  five  per  10,000.  From  another  mill, 
which  I  will  designate  as  No.  2,  in  1913  we  purchased  4,900  A  rails, 
among  others.  At  the  end  of  10  months  there  had  been  37  head  fail- 
ures among  those  rails,  or  58.8  per  ten  thousand.  From  No.  2  mill,  in 
1914,  we  purchased  8,000  A  rails.  At  the  end  of  10  months  there  had 
been  12  failures,  or  at  the  rate  of  15  per  10,000.  To-day,  at  the  close 
of  10  months,  of  the  14,500  A  rails  purchased  from  Algoma  we  have 
not  had  a  single  failure.     I  think  that  fact  is  significant. 

Mr.  J.  H.  Gibboney  (Norfolk  &  Western)  : — Representing  one  of 
the   members   of  the   Sub-Committee   on   Rail   Mill    Practice  of   the   Rail 
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Committee,  we  had  the  pleasure  of  visiting  all  of  the  rail  mills  in  this 
country,  and  the  rail  mill  of  the  Algorna  Steel  Company  at  Sault  Ste. 
Marie,  Canada,  during  the  past  year.  When  at  Algorna  we  had  an 
opportunity  to  witness  the  "nick  and  break"  test  in  its  application  to 
the  Illinois  Central  Railroad  rolling,  and  we  were  greatly  impressed 
with  the  rapidity  of  movement  of  the  test  pieces  and  the  apparent  en- 
couraging possibilities  of  judging  homogeneity  of  metal  by  visual  inspec- 
tion of  the  fractured  ends  of  the  pieces.  The  speed  of  testing  was 
apparently  ample  to  preclude  any  possibilities  of  delays  in  the  normal 
movement  of  the  output,  and  the  fractures  gave  differences  indicative 
of  segregation,  especially  as  to  the  metal  in  the  web,  where  the  appear- 
ance of  a  thin  white  line  of  metal  was  described  as  an  evidence  of 
segregation. 

We  took  occasion  in  our  visits  at  other  mills  to  discuss  the  merits 
of  this  test,  and  we  were  somewhat  unfavorably  impressed  with  the 
uniform  skepticism  of  practically  all  of  the  mill  experts  as  to  the  possi- 
bilities of  developing  fracture  inspection  to  a  point  wThere  correct  and 
consistent  findings  as  to  segregation  would  be  obtained.  All  seemed 
to  be  agreed  that  the  only  feature  of  merit  in  the  test  was  to  be  found 
in  its   elimination  of  pipes. 

In  order  to  satisfy  our  desire  for  first-hand  information  as  to  our 
ability  to  judge  segregation  by  fracture,  we  arranged  to  follow  rollings 
at  several  mills  making  deliveries  to  us,  nicking  and  breaking  all  of  the 
A  rail  test  crops,  passing  judgment  at  the  time  on  the  fractures,  and 
in  many  cases  making  records  by  means  of  full-size  photographs.  The 
fractures  were  then  classified  into  three  groups,  namely:  Uniform,  Low 
Segregation,  and  High  Segregation,  and  the  sections  then  drilled  for 
chemical  analysis  at  the  O.  and  M.  positions  as  outlined  in  the  P.  R.  R. 
specifications  regarding  segregation  requirements.  On  comparing  our 
chemical  results  as  to  segregation  with  our  fracture  classification,  we 
were  greatly  surprised  to  find  that  in  the  majority  of  cases  our  judg- 
ment was  grossly  incorrect ;  in  fact,  there  was  hardly  a  semblance  of 
consistency  presented  in  our  whole  work,  in  spite  of  the  fact  that  in 
one  particular  rolling  we  had  a  large  number  of  sections  showing  segre- 
gation  far  in   excess  of   12  per  cent. 

We  are  prepared  to  attach  such  importance  to  this  test  as  may  result 
from  a  more  thorough  elimination  of  pipes  from  service  rails,  however, 
in  its  present  state  of  development  we  do  not  believe  that  its  usefulness 
can   be    extended   to    correctly    judging   homogeneity   in    the    rail   section. 

Mr.  M.  H.  Wickhorst  (Engineer  of  Tests,  Rail  Committee)  : — 
Capt.  Hunt  and  Mr.  Gennet  have  given  us  some  valuable  results  and 
deserve  the  thanks  of  the  Association  for  them.  First  it  may  be  said 
that  a  large  proportion  of  rail  failures  have  been  traceable  to  excessive 
segregation  and  the  other  conditions  attending  it,  and  the  effort  has 
been  to   effectively   eliminate   segregated   rails. 

As  to  the  ordinary  drop  test,  its  purpose,  fundamentally,  may  be 
said  to  be  to   detect  bad   segregation.     When   the   rail  is   tested   with   the 
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base  down  the  segregated  portion  generally  does  not  extend  far  into 
the  base,  and  then  a  rail  with  considerable  segregation  may  stand  the 
drop  test.  If  the  head  is  placed  downward  the  segregation  is  more 
effectively  detected  in  the  drop  test,  and  largely  for  that  reason  most 
specifications  now  require,  at  least  optionally,  that  the  head  of  the  rail 
be  placed  downward  and  the  head  put  in  tension. 

The  Pennsylvania  Railroad,  in  order  to  eliminate  segregated  rails, 
have  used  the  method  of  analysis  which  Captain  Hunt  has  described 
in  his  paper.  That  is  a  comparatively  cumbersome  method  of  detecting 
segregation,  and  as  an  actual  operating  proposition  only  one  ingot  of  a 
heat  would  be  put  through   such  a  test. 

For  that  reason,  this  nick  and  break  test  of  every  ingot  and  exam- 
ination of  the  fracture  would  seem  very  desirable,  in  that  the  units 
subjected  to  test  can  be  made  smaller.  When  there  is  considerable 
segregation  it  can  generally  be  told  in  the  fracture,  and  particularly  if 
it  is  concentrated  into  a  mass  instead  of  being  distributed  pretty  well 
over  the  section,  but  the  trouble  with  that  test  has  seemed  to  be  that 
we  have  not  yet  gotten  a  numerical  value  of  the  amount  of  segrega- 
tion as  judged  by  the  appearance.  Any  bad  segregation  can  generally 
be  told.  Now,  whether  the  method  is  finally  to  be  a  success  or  not  is 
hard  to  tell.  At  this  stage  I  am  a  little  bit  afraid  that  we  will  have 
difficulty  in  getting  a  concensus  of  opinion  from  different  inspectors. 
It  might  work  very  well  if  we  had,  perhaps,  one  inspector  and  he  has 
nobody  to  contradict  his  judgment,  but  it  is  doubtful  just  how  it  would 
work  if  we  try  to  get  a  number  of  inspectors  to  pass  on  the  same  speci- 
men ;  even  though  the  segregation  can  be  plainly  seen  there  would  be 
difficulty  in  judging  how  extensive  the  segregation  is  and  whether  it 
would  warrant  the  rejection  of  the  sample.  However,  we  have  reached 
the  point  where  there  is  need  for  making  the  ingot  the  unit  of  inspec- 
tion rather  than  the  whole  heat,  and  this  is  a  commendable  effort  in 
that  direction. 

The  President : — Prof.  Bradley  Stoughton  was  invited  to  be  present 
to-night,  but  for  some  reason  could  not  come  and  he  has  sent  a  written 
discussion.     It   is   so   short  that   I   will   read  it. 

"There  are  two  general  methods  of  safeguarding  materials  for  con- 
struction which  are  commonly  accepted  to-day.  The  first  method  is  to 
inspect  or  test  certain  specimens  chosen  more  or  less  at  random  and  then 
to  accept  or  reject  a  large  amount  of  material  on  the  basis  of  the  result 
so  obtained.  In  the  case  of  rejection,  the  amount  of  material  so  dis- 
carded will  represent  the  size  of  the  factor  of  safety;  in  the  case  of 
acceptance,  the  larger  the  amount  accepted  on  the  basis  of  the  one  test, 
the  smaller  is  the  factor  of  safety.  In  either  event  this  method  depends 
chiefly  on  a  more  or  less  scientific  process  of  'taking  chances.' 

"The  second  method  of  safeguarding  is  to  choose  for  test  certain 
representative  or  indicative  specimens  and  to  accept  or  reject  only  as 
much  material  as  is  actually  represented  by  the  test  made. 
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"The  nick  and  break  test?  described  by  the  authors  of  this  paper  is 
an  attempt  to  follow  the  second  method  of  safeguarding,  and  to  avoid, 
as  far  as  possible  'taking  chances,'  whicli  may  result  either  in  causing 
some  good  material  to  be  rejected  or  some  poor  material  to  be  accepted, 
as  the  case  may  be.  We  heartily  endorse  the  statement  of  the  authors, 
that  the  attempt  is  a  step  forward  in  the  testing  of  manufacture,  and 
that  the  advantage  of  regarding  each  ingot  as  a  unit  which  must  be 
tested  by  itself  is  sound.  We  also  endorse  the  authors'  statement  that 
many  unsound  and  unhomogeneous  rails  escape  the  present  test  and 
would  be   rejected  by  the  nick  and  break  test. 

"This  new  test  aims  to  correct  the  weakest  point  now  remaining  in 
the  inspection  of  steel,  namely,  the  defects  arising  during  and  subsequent 
to  the  casting  of  the  liquid  steel  in  molds.  It  is  possible  to  safeguard 
the  manufacture  of  steel  up  to  the  point  of  teeming  it  into  molds,  but 
it  must  be  admitted  that  steel  which  is  excellent  up  to  this  point  may  be 
ruined  by  conditions  arising  subsequently  and  these  conditions  can,  in 
general,  only  be  determined  by  a  test  of  each  individual  ingot.  The 
fact  that  one  ingot,  or  three  ingots,  out  of  an  open-hearth  heat  con- 
taining, say,  20  ingots  altogether,  was  good  or  was  bad  is  only  a  'hit-or- 
miss'  method  of  determining  the  quality  of  the  17  or  19  other  ingots 
of  the   same   heat. 

"The  defects  which  may  arise  during,  or  subsequent  to,  the  ingot 
stage  of  steel  manufacture  are : 

1.  Pipe ;  which  may  appear  in  the  rails  later  in  the  form  of  seams, 
laminations,   cavities,    etc ; 

2.  Segregation ; 

3.  Coarse    crystallization,    due    to    heat    treatment ; 

4.  Occluded   particles   of   slag,   etc. ; 

5.  Combined  oxygen ; 

6.  Combined  nitrogen. 

"Of  these  defects,  the  most  serious  ones  from  the  standpoint  of  the 
user  of  railroad  rails  are  the  first  three,  and  the  nick  and  break  test 
aims  to  discover  the  existence  of  such  defects  by  an  examination  of  the 
fracture.  This  point  in  itself  introduces  an  additional  safeguard,  because 
the  judging  of  fractures  can  be  properly  done  by  skilled  men  only,  and 
the  necessity  for  the  employment  of  men  of  this  class  is  in  itself,  indi- 
rectly as  well  as  directly,  a  benefit  to  the  quality  of  the  material.  We 
are  all  ready  to  agree  that  an  experienced  man  can  determine  accu- 
rately many  different  characteristics  of  steel  by  an  examination  of  the 
fracture,  such  as,  for  example,  the  carbon  contents  and,  therefore,  the 
segregation  of  carbon;  the  previous  heat  treatment;  seams;  cracks,  cavi- 
ties, etc.  We  agree  with  the  authors  that  experience  with  this  test  will 
increase  the  accuracy  of  the  results,  especially  in  the  matter  of  segre- 
gation. 

"In  applying  the  nick  and  break  test,  the  top  end  of  the  top  rail  of 
each  ingot  is  chosen  for  the  test,  in  the  belief  that,  if  this  proves  to  be 
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reasonably  free  from  defects,  all  of  the  rails  made  from  this  ingot  will 
be   at   least   equally   good. 

"If,  however,  this  top  end  should  be  defective,  then  the  first  rail 
from  the  top  of  the  ingot  is  rejected  and  the  top  end  of  the  next  rail 
is  tested,  and  so  on  down  lower  and  lower  in  the  ingot.  This  principle 
seems  to  be  in  general  sound,  but  as  a  further  safeguard  all  unbroken 
drop   test  pieces   are   nicked,  broken   and   examined. 

"The  authors  have  presented  evidence  on  the  13th  and  14th  pages 
of  their  paper  to  show  that  freedom  from  these  specific  defects  in  the 
top  of  the  ingot  indicates  freedom  throughout  the  whole  ingot.  The 
results  are  favorable  as  far  as  they  go,  but  it  seems  to  us  that  the 
number  of  cases  tested  are  too  few  to  enable  a  positive  assertion  to  be 
made  at  present,  even  in  the  matter  of  seams,  laminations,  etc. 

"As  regards  the  matter  of  segregation,  the  authors  have  compared 
the  results  of  the  fracture  test  with  segregation  as  determined  by  the 
Pennsylvania  specifications,  and  have  shown  that  of  the  25  specimens 
shown  in  Table  2,  three  of  the  fracture  tests  disagree  with  the  Pennsyl- 
vania test,  and  22  agree  with  it%  Of  the  26  specimens  in  Table  3,  16 
of  the  fractures  agree  with  the  Pennsylvania  test  and  10  disagree.  Of 
the  12  specimens  in  Table  4,  7  agree  and  5  disagree.  While  this  does 
not  indicate  that  the  nick  and  break  test  is  entirely  reliable,  we  believe 
that  the  Pennsylvania  test  itself  is  unreliable,  because  it  depends  upon 
analyses  made  at  only  two  points  in  the  cross-section  of  the  rail,  and 
it  might  well  be  that  these  points  would  not  be  truly  indicative.  Indeed, 
we  should  be  more  inclined  to  trust  to  the  judgment  of  the  skilled  and 
competent  inspector  of  fractures  than  to  analyses  made  arbitrarily  at 
only  two  points. 

"The  observations  of  the  authors  upon  segregation  tests  longitud- 
inally of  the  ingot  and  of  the  cross-section  thereof  are  borne  out  by 
many  other  authorities.  In  this  connection  we  call  attention  especially 
to  pages  131  to  152  and  551  to  556  of  a  book  by  Henry  M.  Howe,  which 
is  just  off  the  press,  entitled  'The  Metallography  of  Steel  and  Cast 
Iron.' 

"It  is  to  be  hoped  that  the  publication  of  this  splendid  research  by 
Messrs.  Hunt  and  Gennet  will  rivet  attention  to  the  importance  of 
defects  in  steel  ingots  and  lead  to  the  general  adoption  of  this  test,  or 
some  other  test,  aiming  to  prevent  the  acceptance  of  materials  contain- 
ing  these   defects." 

The  President : — I  would  mention  one  matter  that  neither  Capt. 
Hunt  nor  Mr.  Stoughton  referred  to  in  their  discussion.  They  over- 
looked one  thing,  at  least,  that  the  Pennsylvania  people  had  in  mind 
when  they  adopted  this  new  specification.  We  all  know  that  every 
time  we  have  an  investigation  from  Washington  of  a  failed  rail  where 
there  has  been  an  accident  that  we  have  been  criticised  in  regard  to 
our  methods  of  inspection.  The  statement  is  made  that  we  are  buying 
our  rails  in  accordance  with  a  test  made  on  a  test  ingot  which  does  not 
represent  the  material  that  we  get ;   in  other  words,   when   we  make  an 
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investigation  of  a  rail  that  has  failed  we  find  that  the  chemistry  of  that 
particular  rail  is  usually  very  different  from  the  chemistry  of  the  test 
ingot  which  represented  the  rail.  So  we  are  criticised.  We  are  told 
that  it  is  not  a  good  reliable  way  of  buying  material,  that  we  ought  to 
actually  take  the  chemistry  of  the  finished  rail.  That  is  one  of  the 
things  that  the  Pennsylvania  people  aim  to  do,  to  get  the  chemistry  of 
the  finished  rail,  rather  than  the  test  ingot.  We  do  not  care  anything 
about  the  test  ingot.  The  mill  can  make  that  test  for  its  own  use,  but 
we  are  after  the  chemistry  of  the  rail,  and  we  want  that  to  be  what  the 
specification  says  it  ought  to  be. 

Mr.  C.  A.  Morse  (Rock  Island)  : — The  Rock  Island  purchased  3,000 
tons  of  Algoma  steel  mill  rails  and  ha'd  the  rails  tested  under  the  same 
specification  as  the  Illinois  Central.  The  tests  were  made  by  our  own 
inspectors.  The  other  tests  had  been  made  by  the  Robert  W.  Hunt 
Company.  Our  results  correspond  very  closely  to  those  which  Mr. 
Baldwin  has  related,  as  having  shown  up  in  the  Illinois  Central  test, 
and  we  are  very  much  pleased  with  the  results. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — Capt.  Hunt  has  called 
attention,  at  least  in  his  paper,  to  the  defects  in  the  specifications  of  the 
American  Railway  Engineering  Association.  The  Rail  Committee  of 
that  Association  has  recognized  for  a  long  time,  and  in  fact  from  the 
beginning  of  the  rail  study,  that  it  has  not  reached  perfection  in  its 
rail  specifications  by  a  long  way.  It  has  had  to  fight  every  step  of  the 
way  for  each  improvement  that  has  been  introduced  into  the  specifica- 
tion, and  it  does  not  consider  that  the  fight  has  at  all  been  ended  yet. 
It  expects  to  keep  up  the  struggle  and  to  continue  to  introduce  improve- 
ments in  the  specification  each  year,  as  it  becomes  evident  they  are 
required.  Each  individual  company  is  carrying  on  the  study  as  well  as 
the  Committee  of  this  Association,  and  each  company  introduces  what 
it  considers  to  be  improvements  in  its  specifications  from  time  to  time, 
and  indeed  it  is  those  improvements  by  each  company  which  bring  about 
the  improvement  in  the  specifications  of  this  Association. 

Ever  since  I  first  heard  of  the  test  now  spoken  of  to-night  by  Capt. 
Hunt  I  have  been  unwilling  to  accept  it,  for  the  reason  that  I  did  not 
think  it  was  sufficiently  accurate  in  its  definition  of  the  defect  for  rail 
inspection.  I  believe  our  specifications  should  as  much  as  possible  be  on 
scientific  lines,  and  the  instructions  to  the  inspector  should  be  clear  and 
specific.  A  set  of  specifications  are  nothing  more  than  a  series  of  in- 
structions to  the  inspector  for  his  guidance,  and  should  make  it  unnec- 
essary for  him  to  go  to  headquarters  for  special  advice  each  time  he 
runs  up  against  a  difficulty.  Performing  the  inspection  under  the  nick 
and  break  test  requires,  as  Capt.  Hunt  has  said,  a  great  amount  of  skill, 
like  the  determination  of  the  degree  of  heat  in  a  melt  requires  a  great 
amount  of  skill  on  the  part  of  the  man  in  charge  of  the  operation.  I 
have  always  wished  to  have  the'  results  of  this  test  tied  in  with  the 
results  of  actual  chemical  inspection,  such  as  is  being  carried  on  by 
the    Pennsylvania    Railroad    at    the    present    time,    and    Capt.    Hunt    has 
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furnished  in  this  paper  to-night  the  first  comparison  with  that 
inspection. 

The  nick  and  break  test  itself  is  all  right  for  the  purpose  of  dis- 
closing interior  defects,  but  I  do  not  think  the  method  of  visual  inspec- 
tion of  segregation  is  sufficiently  definite  and  accurate  for  our  purposes. 
Nevertheless,  we  do  feel  that  it  is  necessary  to  continue  our  endeavor 
to  improve  these  specifications,  and  therefore  this  idea  is  a  stimulant 
to  bring  about  the  continuation  of  this  work  and  to  follow  up  the  test 
as  outlined,  so  that  it  can  be  brought  to  a  scientific  basis,  in  order  that 
we  may  not  be  dependent  upon  one  man's  skill  for  the  inspection  of  all 
of  our  rails.  The  number  of  inspectors  required  for  the  rails  of  all  the 
railroad  companies  in  the  country  is  a  very  great  number,  and  to  have 
them  trained  up  to  this  degree  of  skill  to  enable  them  to  determine  the 
amount  of  segregation  accurately  would  be  rather  a  difficult  task. 

We  do  not  regard  the  Pennsylvania  specification  as  the  ultimate 
improvement  to  be  brought  about,  but  it  is  one  step  in  advance,  and  it 
has  the  great  advantage,  as  Mr.  Trimble  pointed  out,  of  being  an  exami- 
nation of  the  rail,  and.  not  of  the  test  ingot.  Speaking  for  the  Pennsyl- 
vania Lines  West  of  Pittsburgh,  the  result  of  that  inspection  has  been 
that  it  brings  about  a  discard  at  the  present  time  of  from  30  to  40  per 
cent.,  being  about  23  to  32  per  cent,  from  the  top  and  about  7  or  8 
per  cent,  from  the  bottom.  The  ordinary  specification  only  gives  a 
discard  of  about  10  to  15  per  cent.  The  mills  rolling  for  the  Pennsylvania 
Lines   West  of   Pittsburgh  no  longer  submit  the  A   rails  for  inspection. 

Therefore  the  result  of  the  chemical  inspection  is  to  bring  about  a 
progressive  discard,  which  we  believe  is  necessary,  and  it  brings  it 
about  in  a  logical  and  scientific  way ;  it  is  not  and  should  not  be  brought 
about  by  a  specified  uniform  discard  for  every  mill.  We  have  found 
as  a  result  of  the  inspection  at  a  number  of  mills  that  the  same  discard 
is  not  required  at  the  different  mills,  and  the  justice  of  our  long-estab- 
lished hostility  to  a  fixed  discard  of  25  per  cent,  has  been  amply  verified 
by  the  results  obtained  by  the  Pennsylvania  specifications.  Some  mills 
have  passed  the  inspection  with  only  a  discard  of  between  15  to  30  per 
cent.,  and,  as  I  have  stated,  other  mills  require  40  per  cent. 

We  do  believe,  since  the  specification  has  been  put  in  use,  that  im- 
provements in  the  manufacture  of  the  ingot  and  of  the  rail  have  been 
brought  about.  We  find  less  variation  in  the  later  inspection  tests  com- 
pared with  the  earlier  ones,  and  there  is  a  genuine  effort  on  the  part  of 
the  manufacturers,  we  are  convinced,  to  make  as  good  an  ingot  and  as 
good  a  rail  as  possible. 

Now,  I  do  not  think  that  this  is  the  real  problem  in  the  rail  ques- 
tion. I  think  the  real  object  to  be  striven  for  in  the  rail  problem  to-day 
is  the  improvement  in  the  manufacture  of  the  ingot.  We  have  proved 
that  with  the  chemical  inspection  of  the  rail  itself  a  large  discard  is 
necessary  to  obtain  sound  material  from  the  ingot  as  now  made.  It  is 
unnecessary  to  inspect  every  ingot  in  the  heat  to  establish  that  fact.  We 
have   established   it    from   merely   the   selection    of   the   first,   middle   and 
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last  ingots,  and  it  makes  little  difference  at  present  whether  there  is  a 
difference  between  each  ingot  or  not,  the  main  problem  is  to  make  a 
better  ingot,  and  that  will  bring  about  a  greater  uniformity  in  quality 
between  different  ingots  of  the  same  heat,  and  will  bring  about  improve- 
ments in  various  other  ways  as  well,  which  can  be  brought  about  in  no 
other  way. 

A  large  discard  takes  off  the  bad  material  from  the  top.  It  makes 
no  change  in  the  lower  part  of  the  ingot.  We  know  from  the  study  of 
our  rail  failures  that  we  have  failures  in  the  lower  part  of  the  ingot 
as  well  as  the  top,  and  it  has  been  extremely  difficult  to  ascertain  the 
cause  of  the  failures  of  the  lower  rails.  There  is  evidently  an  improve- 
ment necessary  in  the  material  in  the  lower  part  of  the  ingot  as  well  as 
the  top,  and  no  reasonable  amount  of  discard  will  improve  that  condi- 
tion. For  that  reason,  I  say  that  the  problem  before  our  Association 
is  to  bring  about,  by  every  manner  of  means,  an  improvement  in  the 
manufacture  of  the  ingot.  There  has  been  enough  done  in  that  line 
already,  not  only  in  foreign  countries,  but  in  this  country  as  well,  to  show 
that  it  is  advantageous,  and  that  it  can  be  done,  and  that  it  is  a  good 
thing  to  do  it.  It  brings  about  a  saving  in  the  material,  and  that  should 
mean  a  saving  to  the  railway  companies  by  not  having  to  pay  for  so 
much  discard.  It  brings  about  the  improvement  that  Captain  Hunt  is 
endeavoring  to  bring  about  by  the  ''nick  and  break  test,"  but  the  "nick 
and  break  test"  does  not  go  far  enough,  and  it  should  be  our  place,  in 
my  opinion,  to  emphasize  the  necessity  for  the  improvement  of  the 
whole  ingot  so  as  to  have  our  material  of  better  quality  all  the  way 
down. 

Capt.  Hunt : — I  have  but  a  word  to  say.  My  friend,  Mr.  Cushing, 
and  others  have  emphasized  the  necessity  of  skill  on  the  part  of  the 
inspector,  and  I  believe  I  emphasized  that  myself,  that  it  should  not  be 
lost  sight  of,  that  you  do  want  a  skilful  man  to  properly  enforce  and 
apply  these  specifications,  but  that  there  is  going  to  be  a  scarcity  in 
the  inspector  market  even  if  all  the  railroads  of  the  country  adopted 
the  nick  and  break  test,  I  do  not  believe.  Robert  W.  Hunt  &  Company, 
I  will  say  with  all  due  modesty,  is  willing  to  undertake  to  supply  the 
inspectors.  Let  me  illustrate — can  you  conceive,  gentlemen,  of  a  task 
where  more  skill  and  judgment  of  heat  and  manipulation  of  materials 
is  required  than  in  the  tempering  of  tools?  I  have  never  heard  that 
the  production  of  axes,  or  hatchets,  or  chisels,  or  saws,  has  been  limited 
through  the  difficulty  of  finding  workmen  competent  to  properly  temper 
them. 

Mr.  Cushing: — We  have  a  good  deal  of  trouble  to  get  good  track 
tools. 

Capt.  Hunt : — I  think  many  track  tools  are  made  out  of  rail  butts. 
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(See   Part   2,    pp.    247-263.) 

LIST   OF    SPEAKERS    TAKING    PART    IN    DISCUSSION    ON    SYSTEM    OF    STANDARDIZ- 
ING   MAINTENANCE  OF    WAY    WORK. 

Hadley  Baldwin.  C.  E.  Lindsay. 

W.  H.  Courtenay.  W.  D.  Pence. 

A.  C.  Irwin.  H.  R.  Safford. 

A.  J.  Himes.  Earl  Stimson. 

The  President: — We  will  now  take  up  the  next  subject,  "A  System  for 
Standardizing  Maintenance  of  Way  Work,"  by  Mr.  Earl  Stimson.  He 
is  to  give,  us  the  benefit  of  the  work  that  has  been  accomplished  on  the 
Baltimore  &  Ohio  Railroad  in  the  line  of  systematizing  maintenance  of 
way  work.     I   am  glad   to  introduce   Mr.   Stimson. 

(Mr.  Stimson  presented  the  paper  and  commented  on  the  lantern 
slides.) 

The  President : — Any  questions  anyone  would  like  to  ask  Mr. 
Stimson? 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  :• — Will  you  kindly 
state  what  your  organization  is,  and  what  is  the  authority  of  the  super- 
visor? 

Mr.  Stimson : — Our  organization  is  that  of  a  division  organization. 
The  Division  Superintendent  is  in  charge  of  all  departments  on  his 
division.  He  has  a  Division  Engineer,  who  has  the  direct  charge  of 
the  maintenance  of  way.  This  Division  Engineer  corresponds  to  the 
General  Roadmaster  on  a  number  of  the  Western  and  Southern  roads. 
The  Division  Engineer  has  under  him  Supervisors,  who  correspond  to 
the  Roadmasters.  These  Supervisors  are  in  charge  of  sub-divisions  of 
the  road  varying  in  length  from  about  25  miles  on  dense-traffic  lines 
to  as  much  as  100  miles  on  light-traffic  branch  lines. 

Where  this  system  is  in  effect  the  average  length  of  the  Supervisors' 
sub-divisions  is  about  45  miles,  and  each  Supervisor  has  an  Assistant, 
who  looks  after  the  details  of  the  standard  trackwork  system. 

Mr.    Courtenay: — Do   the   men    themselves   share   in   the   bonus? 

Mr.  Stimson : — The  gang  is  considered  as  the  unit.  The  foreman 
and  each  man  in  the  gang  receives  a  bonus  based  on  the  per  cent, 
efficiency   of   the   entire   gang. 

Mr.  Courtenay: — Can  you  say  what  the  maximum  bonus  earned  has 
been  ? 

Mr.  Stimson:— One  foreman,  operating  a  pneumatic  tamping  ma- 
chine, earned  one  month  a  bonus  of  $12,  and  his   men   a  bonus  of   about 
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$6   each.     In    this   instance   the   foreman's   pay   was   $75    per   month    and 
that  of  the  men  about  $40. 

The  President :— Would  that  pneumatic  tamper  show  as  great  econ- 
omy after  you  paid  a  large  bonus  as  it  would  where  the  bonus  was  not 
so   large? 

Air.   Stimson : — You  mean  what  was  the  quality  of  the  work? 

The   President : — Which  was   the  most  economically  maintained,   the 
one  with  the  tamper  or  the  one  that  did  not  have  a  tamper? 
Mr.    Stimson:- — Regardless   of   the  bonus? 

The  President : — You  say  the  man  with  the  tamper  got  a  bonus  and 
that  another  man  got  a  bonus  because  he  did  his  work  economically. 
So  far  as  the  Baltimore  &  Ohio  was  concerned,  which  was  the  more  eco- 
nomical method? 

Mr.  Stimson : — There  are  overhead  charges  and  the  charge  for 
operation  against  the  machine,  which  make  the  cost  for  hand-tamping 
a  little  less  than  that  with  the  machine. 

Prof.  W.  D.  Pence  (Interstate  Commerce  Commission)  :— To  what 
extent  is  the  efficiency  of  the  plan  affected  by  the  transient  character  of 
the    labor  ? 

Mr.  Stimson : — It  is  quite  seriously  affected.  The  transients  do  not 
stay  long  enough  to  understand  the  advantages  of  the  system. 

The   President: — You   do   not   pay   much   bonus,   then? 

Mr.  Stimson: — There  is  a  considerable  saving  in  favor  of  the  com- 
pany, even  counting  the  cost  of  the  installation  of  the  system  and  the 
maintenance   of   these  extra  men   on  the   Supervisor's  sub-division. 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — -What  does  this  represent  in 
the  way  of  additional  expense,  say,  per  one  hundred  miles?  What  I 
mean  is,  your  organization  expense,  stationery,  additional  clerks  and  all 
of  that. 

Mr.  Stimson : — The  maintenance  of  this  system  is  costing  us  about 
two  dollars  per  month  per  mile  of  road  where  it  is  in  effect. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — 
What  provision  do  you  make   for  the  character  of  the  traffic? 

Mr.  Stimson: — That  is  worked  up  for  each  division  and  sub-division. 
Over  each  section  of  a  sub-division  there  is  practically  the  same  traffic. 

Mr.  Courtenay: — If  it  is  a  proper  question,  do  you  maintain  your 
track  under  an  appropriation  made  by  the  management  for  the  season, 
or  does  that  vary  from  month  to  month  ? 

Mr.  Stimson: — As  a  matter  of  fact  this  varies  somewhat  from 
month  to  month,  being  dependent  upon  the  revenue.  However,  the  sea- 
son's work  is  covered  by  a  definite  program,  which  is  adhered  to  as 
closely  as  conditions  will  permit. 

Mr.   Courtenay: — Is   there   a   money   allowance    for   the   maintenance? 

Mr.  Stimson : — No  maintenance  allotment  is  made  for  the  entire 
year.  However,  we  do,  prior  to  the  beginning  of  the  year,  make  up  an 
estimate  based  on  the  recommended  renewal  program,  which  is  adhered 
to   as   closely   as   the   allotments   given   out,   usually   monthly,    will   permit. 
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Mr.  Courtenay : — Suppose  you  exceed  it  by  about  25  or  30  per  cent. 
Do  you  ever  do  that? 

Mr.   Stimson : — No,  we  are  always  working  under  our  estimate. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  was  examining  a  section 
foreman  about  25  years  ago  on  a  book  of  rules.  I  wanted  to  bring  out 
the  danger  to  him  of  his  work  when  the  train  came  along.  I  asked  him : 
"When  a  train  comes  along  what  do  you  do?"  "I  get  off  the  track." 
"What  do  you  do  then?"  "Well,  I  look  at  it  go  by."  "When  the  rear 
of  the  train  comes  along,  what  do  you  look  for?"  He  said,  "The  Super- 
visor." I  feel  that  Mr.  Stimson  has  taken  a  very  advanced  step  in  elimi- 
nating, to  a  greater  or  less  extent,  some  of  the  unknown  quantities  in 
the  analysis  of  the  cost  of  maintenance  of  track.  We  all  try  to  sab- 
divide  the  work  into  approximately  equal  portions  and  place  a  section 
foreman  over  each  portion  and  then  assign  to  him  a  force  of  men  or 
an  amount  of  money  that  is  sufficient  to  enable  him  to  do  the  work, 
and  then  we  dependi  upon  the  Supervisor  to  bring  the  results.  We  try 
to  stimulate  his  interest  in  various  ways. 

Mr.  A.  C.  Irwin  (Chicago,  Milwaukee  &  St.  Paul)  : — I  believe  we 
will  recognize  the  system  of  track  maintenance  that  we  have  just  heard 
so  well  described  as  being  an  application  of  so-called  efficiency  engineer- 
ing, as  written  about  by  Messrs.  Taylor,  Emerson,  and  others.  The 
subject,  some  years  ago,  in  its  general  features  was  discussed  in  the 
different  engineering  periodicals,  and  was  criticised  as  well  as  applauded. 
The  principal  objection  to  such  a  system  was  thought  to  be  the  personal 
element.  This  objection  applies  here  to  a  certain  extent.  The  method 
of  determining  the  bonus  depends  primarily  upon  the  judgment  of  a  man 
who  is  directly  interested  in  receiving  the  bonus.  If  his  degree  of  hon- 
esty is  so  high  that  he  can  properly  criticise  his  own  work  he  may  not 
get  the  bonus.  The  fellow  on  the  next  section  whose  degree  of  honesty 
is  not  quite  so  high,  who  is  very  much  set  on  getting  the  bonus,  would 
judge  his  work  at  a  higher  standard.  The  mere  fact  of  one  gang 
obtaining  a  bonus  and  another  one  not  obtaining  the  bonus  has  a 
tendency  to  arouse  jealousy.  The  difficulty  begins  with  a  personal  ele- 
ment. 

Mr.  Stimson : — There  is  a  certain  amount  of  faith  that  we  must 
have  in  the  system,  as  well  as  in  the  honesty  of  mankind.  We  cannot 
work  successfully  on  the  supposition  that  every  man  is  dishonest.  There 
are  safeguards  which  prevent  just  what  the  speaker  mentions.  These 
are  the  periodical  checks  on  the  ground,  made  by  the  Assistant  Super- 
visor, of  the  actual  work  done  by  the  gang  against  the  foreman's  report 
of  work  done  as  made  in  his  daily  report. 

Mr,  Irwin : — I  do  not  wish  to  pick  out  at  this  time  each  specific  case 
in  which  this  system  is  liable  to  fall  down.  I  would  not  hazard  a  state- 
ment in  the  face  of  the  fact  that  the  system  is  in  actual  application, 
that  it  would  always  fall  down.  Perhaps  this  one  is  successful.  If  so, 
it  must  certainly  be  due  to  a  very  high  order  of  intelligence,  both  of  the 
men  who  put  it  into  effect  and  of  the  men  who  are  working  under  it— 
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clear  down  to  the  most  insignificant  laborer.  It  is  not  worth  while  now 
to  take  up  at  length  the  psychological  attitude  of  the  individual  toward 
his  own  financial  gain.  We  have  to  face  certain  facts  in  everything  that 
we  do,  and  it  is  undeniable  that  every  man  is  influenced  by  his  own 
self-interest.  It  is  nothing  against  a  man  because  he  is  ambitious.  That 
is  all  very  well,  "but  honesty,  like  charity,  usually  begins,  and  often  ends, 
at   home." 

Mr.  A.  J.  Himes  (New  York,  Chicago  &  St.  Louis)  : — It  is  of  very 
great  importance  that  employes  should  have  faith  in  their  employers. 
That  would  aid  greatly  in  getting  the  men  to  do  their  work  successfully 
and  to  the  satisfaction  of  all  concerned.  I  cannot  refrain  from  men- 
tioning a  certain  incident  to  illustrate  a  sentence  in  Mr.  Irwin's  remarks. 
It  is  a  case  in  which  two  men  were  engaged  in  building  concrete  struc- 
tures some  years  ago  where  the  mixing  was  done  by  hand.  The 
structures  were  about  the  same.  They  were  built  a  good  many  miles 
apart,  but  under  the  same  direction.  Explicit  instructions  had  been 
issued  as  to  how  the  mixing  should  be  done,  how  the  sand  and  cement 
should  be  mixed  and  wetted,  and  the  stone  applied  and  turned  over  two 
or  three  times — the  instructions  were  given  in  very  great  detail. 

One  of  these  men  was  accustomed  to  rigid  discipline.  He  grew  up 
that  way.  He  was  a  reliable  man.  You  could  tell  him  what  to  do,  and 
go  away  on  your  vacation,  and  be  certain  he  would  do  exactly  as  told. 
The  other  man  was  of  different  development — he  did  not  think  in  the 
same  way.  They  were  both  good  men,  accounted  excellent  men.  In 
the  course  of  time  the  comment  was  made  at  headquarters  that  one 
man  was  a  very  much  better  man  to  do  work  than  the  other.  There 
was  no  uncertainty  about  it.  It  was  definitely  established  that  he  was 
very  much  the  better  man.  I  listened  to  that  with  a  great  deal  of  inter- 
est and  wonderment,  because  I  had  seen  both  men  work. 

I  had  watched  their  work  very  closely,  and  it  occurred  to  me  that 
the  man  who  had  the  lower  rating  was  by  far  the  better  man.  Not  know- 
ing what  the  basis  for  the  judgment  was  I  continued  to  wonder  for 
several  years  how  that  had  happened.  After  a  while,  in  a  casual  manner. 
I  discovered  that  the  difference  was  this — the  man  who  had  secured  the 
lower  rating  had,  throughout  all  the  periods  of  his  work,  been  doing 
exactly  as  he  had  been  instructed  to  do.  The  other  man  thought  it  was 
not  necessary  to  do  the  work  as  he  was  told  to  do  it,  he  thought  some 
other  way  would  be  better,  and  so  he  did  the  work  in  the  way  that  he 
thought  was  better,  and  the  people  at  headquarters  did  not  appear  to 
know  the  difference.     I  think  that  illustrates  Mr.  Irwin's  point  exactly. 

The  President : — On  behalf  of  the  Association  the  Chair  desires  to 
thank  Mr.  Stimson  for  the  very  valuable  paper  that  he  has  furnished 
us  on  the  subject  of  Track  Work  and  the  very  valuable  information  he 
has  given"  to   us. 
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LIST    OF    SPEAKERS    TAKING    PART     IN     DISCUSSION    ON    TILS. 

C.  W.  Baldridge.  C.  E.  Lindsay. 

J.  L.  Campbell.  Hunter  McDonald. 

W.    H.    COURTENAY.  JOHN    G.    SULLIVAN. 

L.  A.  Downs. 

The  President: — The  first  order  of  business  to  be  taken  up  this  morn- 
ing is  the  report  of  the  Committee  on  Ties,  which  will  be  presented  by 
Mr.  L.  A.  Downs,  Chairman  of  the  Committee. 

Mr.  L.  A.  Downs  (Illinois  Central)  : — The  first  subject  assigned  to 
this  Committee,  and  it  is  one  that  we  have  had  for  the  last  two  or  three 
years,  is  the  effect  of  tie-plates  and  track  spikes  on  life  of  cross-ties. 
The  data  that  we  have  collected  on  this  subject  shows  anything  but  a 
uniform  practice,  and  neither  the  railroads  nor  this  Committee  are  in 
the  position  to  recommend  anything  definite  in  connection  with  the 
effect  of  track  fastenings  on  the  durability  of  ties,  but  the  Committee 
furnishes  you  with  information  of  what  is  considered  the  tendency  of 
the  railroads  now  and  what  we  consider  good  practice  as  far  as  the  mat- 
ter has  gone,  and  on  pages  234  to  239,  inclusive,  you  will  find  this 
information. 

On  pages  236  and  237  you  will  find  some  tabulated  information  on 
the  spikes  in  use  on  various  railroads  and  in  the  folded  table  between 
these  two  pages  you  will  find  reference  to  the  tie  plates  in  use  on  the 
various  railroads.  We  collected  this  information  in  order  to  give  you 
the  benefit  of  the  data  which  we  have  received,  which  is  preliminary 
to  the  handling  of  this  subject.  The  Committee  feels  that  this  subject 
is  one  of  the  most  live  subjects  now  before  the  maintenance  engineers 
in  this  country,  and  we  do  not  want  to  be  too  hasty  in  drawing  conclu- 
sions on  this  subject;  therefore,  the  Committee  presents  this  subject  as 
information  to  the  Association  with  the  understanding  that  we  will 
follow  it  up  and  make  reports  until  the  matter  is  drawn  to  a  final  con- 
clusion, and  I  move  therefore  that  this  part  of  the  report  be  accepted 
as  information. 

(The  motion   carried.) 

Mr.  Downs  ".—The  next  subject  assigned  to  the  Committee  was  speci- 
fications for  cross-  and  switch-ties.  The  Committee  in  going  over 
this  matter  found  but  few  changes  to  make  in  the  specifications  already 
in  the  Manual,  and  they  are  not  of  much  value  because  the  general 
specifications  are  the  same,  with  a  few  minor  changes.  However,  we 
have  never  had  any  specifications  for  switch-ties,  and  beginning  at  the 
bottom   of   page   245   will   lie    found    specifications    for    switch-ties.      Now, 
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in  order  to  get  the  matter  before  the  convention,  I  move  that  that  part 
up  to  the  bottom  of  page  245,  where  we  start  with  specifications  for 
switch-ties,  be  accepted. 

The  President : — You  have  heard  the  motion.  I  will  make  this 
suggestion,  that  the  Chairman  of  the  Committee  call  attention  to  the 
changes  that  are  proposed  in  these  specifications  for  cross-ties  and  we 
will  then  wait  a  few  moments  to  hear  whether  there  is  any  discussion 
with  reference  to  these  proposed  changes.  The  changes  are  indicated 
by  italics  on  the  opposite  side  of  the  page  containing  the  present  form 
of  specifications. 

Mr.  Downs: — As  preliminary  to  that,  I  will  call  attention  to  the  fact 
on  pages  240  and  241  is  a  general  explanation  as  to  the  reason  why  most 
of  these  changes  have  been  made. 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  : — I  would  ask  the 
Committee  why  heart  yellow  pine  is  eliminated. 

Mr.  Downs : — It  does  not  need  to  be  treated.  Good  heart  yellow- 
pine  does  not  need  to  be  treated. 

Mr.    Courtenay : — It    will   last    a    great   deal    longer    if    it    is    treated. 

Mr.  Downs : — In  the  previous  specifications,  before  we  made  the 
change  as  adopted  in  this  specification,  it  was  decided  that  the  heart 
yellow  pine  did  not  need  to  be  treated.  The  Committee  sees  no  reason 
to  change  from  that.  My  own  personal  opinion  is  it  does  not  have  To 
be  treated  to  last  longer. 

Mr.  Courtenay: — My  experience  is  if  it  is  treated  it  lasts  about 
three    times    as    long. 

The  President : — Will  you  not  give  us  the  benefit  of  your  experience 
along  that  line,  Mr.  Courtenay?  Some  people  have  had  experience  with 
good  heart  yellow  pine  treated,  and  got  about  the  same  life  out  of  it  as 
with  other  material  not  quite  so  expensive. 

Mr.  Courtenay : — I  will  do  that  with  pleasure.  I  believe  I  have 
stated  to  this  Association  before  that  there  is  now  very  dense  close 
longleafed  yellow  pine  in  the  structures  of  the  Louisville  &  Nashville 
Railroad,  which  was  treated  with  creosote  with  the  Bethel  or  full-cell 
process  in  1876,  77,  78,  and  most  of  that  was  in  bridge  structures.  There 
were  a  great  many  bridge  ties.  They  are  now  gone.  There  were  no 
ordinary  cross-ties.  The  company  at  that  time  did  not  feel  justified  in 
going  to  the  expense  of  treating  ties.  The  creosote  oil  does  not  pene- 
trate through  dense  heart  yellow  pine  more  than  a  quarter  of  an  inch. 
Notwithstanding  that,  old  structures,  exposed  to  the  weather  in  a  climate 
where  untreated  yellow  pine  perishes  very  fast,  have  lasted  to  this  time. 
A  great  many  ties  were  put  on  the  long  trestle  structures  between  Mobile 
and  New  Orleans  and  they  were  damaged  by  fire  or  destroyed  by  storm. 
With  the  early  ties  which  were  treated  the  main  trouble  with  them 
was  that  they  split  season  cracks,  and  these  splits  were  covered  with  pitch, 
mixed  with  lime,  to  protect  the  interior  wood  from  decay.  The  engine 
fireboxes  were  lower  at  that  time,  and  many  fires  were  experienced  be- 
cause   the    pitch    became    ignited.      However,    the    bridge    ties    on    these 
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bridge  structures  when  they  did  not  perish  by  fire  or  storm  lasted  for 
eighteen  years.  An  ordinary,  untreated  tie,  even  a  heart  pine  tie,  in  that 
country  usually  lasts  about  six  years. 

The  President: — I  will  say  a  word  with  reference  to  what  Mr. 
Courtenay  has  said.  He  has  made  the  statement  that  the  creosote  oil 
does  not  permeate  this  kind  more  than  one  quarter  of  an  inch.  I  believe 
that  is  the  vital  thing  in  connection  with  the  whole  matter.  We  cannot 
afford  to  take  that  tie  out  of  the  track  after  the  tie-plate  or  rail  has  gone 
into  it  to  the  extent  of  a  quarter  of  an  inch.  What  is  the  use  of  treating 
it  if  that  is  all  the  protection  you  are  going  to  get? 

Mr.  Courtenay: — I  am  not  able  to  explain  it  satisfactorily,  but  abun- 
dant experience  has  demonstrated  that  if  the  outer  wood  of  longleafed 
heart  yellow  pine  is  treated,  in  the  course  of  time  little  or  no  creosote  oil 
can  be  detected  in  the  timber,  but  it  is  still  preserved.  I  have  taken  old 
stringers  which  have  been  in  the  trestles  many  years  and  sawed  them  in 
two  and  cut  chips  of  the  outer  wood  and  chewed  them  up  to  see  if  I 
could  get  the  taste  of  the  creosote  oil.  Very  little  remained.  Some  of 
the  old  stringers  were  scarred  by  the  bridgemen's  tools,  and  scarred 
beneath  the  original  .penetration,  which  was  about  one-quarter  inch  in 
dense  heart  yellow  pine,  and  still  the  timber  was  preserved. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — The  chairman  of 
the  Committee  made  the  statement  that  yellow  pine  does  not  need  treat- 
ment. I  think  a  better  way  to  put  it  would  be  that  yellow  pine  is  hard 
to  treat  and  the  treatment  incomplete.  I  believe  it  does  need  treatment, 
and,  if  we  can  find  a  practicable  way,  that  we  should  treat  it.  I  am  of 
the  opinion  that  a  penetration  of  even  one-quarter  inch  will  prolong  the 
life  of  the  tie.  Ties  fail  materially  by  rotting  on  the  bottom.  In  dirt 
track,  where  the  surface  of  the  tie  is  not  broken  by  ballast,  a  penetra- 
tion of  one-quarter  inch  of  creosote  will  prolong  the  life  of  a  tie. 

Mr.  Downs : — We  are  discussing  something  which  was  passed  on 
by  this  Association  several  years  ago.  We  are  only  putting  in  a  few 
words  what  is  already  covered  in  the  Manual  in  a  more  extended  way. 
This  matter  has  already  been  passed  upon.  You  will  notice  at  the  be- 
ginning of  this  second  paragraph  this  language  is  used:  "The  following 
woods  shall  preferably  not  be  used  for  tie  timber  without  a  preservative 
treatment  approved  by  the  purchaser."  Under  that  wording  railroads 
may  treat  these  timbers  if  they  so  desire.  We  are  only  substituting  a 
shorter  sentence  in  the  place  of  multiple  words. 

The  next  point  is  "Douglas  Fir."  We  explain  that  on  page  240. 
We  have  substituted  "Douglas  Fir"  for  "Red  Fir."  There  may  be  ob- 
jection to  that  on  the  part  of  some  of  the  members  living  in  certain 
localities,  and  it  is  explained  on  page  240  that  Douglas  Fir  is  substituted 
for  Red  Fir,  as  it  is  a  more  proper  term.  There  is  apt  to  be  a  misunder- 
standing as  to  what  is  meant,  and  for  that  reason  we  have  substituted 
"Douglas  Fir."  Below  that  is  given  a  list  of  what  this  wood  is  called 
in  the  different  states. 
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Mr.  C.  E.  Lindsay  (New  York  Central)  : — The  first  half  of  para- 
graph 3,  it  seems  to  me,  can  be  improved.  I  offer  the  following : 
"Cross-ties  shall  be  cut  from  straight,  sound  live  trees,  which  are  felled 
in  the  season  when  the  sap  is  down."  It  is  not  the  tie  that  is  cut  when 
the  sap  is  down  but  the  tree" — they  shall  be  hewed  or  sawed  to  the 
specified  dimensions  and  out  of  wind,  with  straight  and  parallel  faces 
and  with  the  ends  cut  at  right  angles  to  the  axis  of  the  tie."  I  move 
a  substitution  of  that  for  the  Committee's  recommendation. 

The  President : — The  Committee  will  accept  that  proposed  change.  Is 
there  any  other  discussion  of  this  proposed  paragraph? 

The  next  is  minimum  dimensions.  Any  discussion  on  these  dimen- 
sions? Not  hearing  any  objections,  we  will  accept  this  and  pass  on  to 
the  next. 

Mr.  Downs: — Allowable  variations  in  dimensions  (reading  para- 
graph 5,  page  245.) 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — It  seems  to  me  the  width  of 
twelve  inches  is  too  great  to  allow  for  a  tie  for  various  reasons,  particu- 
larly that  extra  wide  ties  placed  among  narrower  ties  does  not  make  as 
good  riding  track  as  is  secured  by  the  use  of  more  uniform  ties. 

Another  factor  which  has  some  bearing  on  the  desirable  width  of 
ties  was  discovered  in  making  investigations  of  the  depths  to  which  tie 
plates  have  cut  into  ties.  It  was  found  that  a  tie  plate,  if  placed  in  the 
center  of  a  tie,  will,  when  it  has  cut  into  the  tie  a  little  bit,  form  a  basin 
which  holds  water  to  a  certain  extent,  and  there  is  no  means  for  the  water 
to  get  out  except  by  evaporation.  Therefore,  the  tie  plate  should  be 
wide  enough  to  reach  both  edges  of  the  tie  or  should  be  so  placed  that 
it  will  reach  one  edge  of  the  tie  so  that  it  will  cut  away  the  edge  as  it 
sinks  into  the  tie,  thus  releasing  any  water  that  collects. 

It  is  a  difficult  matter  in  a  very  wide  tie  to  provide  for  any  such 
drainage. 

It  seems  to  me  that  in  placing  a  tie  plate  on  any  tie,  it  should  be 
so  placed  that  an  edge  of  the  plate  reaches  an  edge  of  the  tie,  to  provide 
drainage  of  the  basin  formed  in  the  tie.  The  plates  should  be  staggered, 
that  is,  placed  to  reach  opposite  edges  of  the  tie,  to  avoid  any  tendency 
to  tip  or  roll  the  tie. 

I    think    the   width    proposed   is    too   great. 

Mr.  Downs: — I  will  say  in  explanation  of  that,  that  this  is  general 
and  must  not  exceed  12  inches.  If  you  feel  that  it  ought  to  be  8,  that 
is  your  privilege,  even  with  these  specifications. 

Mr.  Baldridge : — I  do  not  consider  that  it  is  necessary  to  limit  to  8 
inches,  but  I  do  think  that  10  inches  will  be  abundantly  wide  as  a  limit. 

The  President: — Do  you   make  a  motion  to  limit  it  to   10? 
Mr.  Baldridge : — I  make  a  motion  that  the  maximum  limit  be  placed 
at  10  inches  instead  of  12. 

Mr.  Downs : — I  would  like  to  say  that  the  average  width  of  the 
spaces  must  not  exceed  10  inches.     That  is  what  you  want,  is  it  not? 
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Mr.  Baldridge : — That  does  not  entirely  answer  the  question,  be- 
cause it  permits  one  face  to  be  12  inches. 

Mr.  Downs : — Does  not  exceed  12. 

The  President: — If  there  are  no  objections,  we  will  accept  the  speci- 
fication in  the  form  proposed  by  the  Committee. 

Mr.  Downs : — Piling  untreated  ties.  There  is  the  word  "preferable" 
and  the  words  "at  least,"  which  make  no  difference  in  the  sense. 

The  President: — If  you  are  satisfied  with  these  proposed  changes  we 
will  accept  them. 

Mr.  Downs: — "All  ties  piled  on  the  company's  property  shall  be  at 
the  owner's  risk  until  inspected  and  accepted." 

Piling  treated  ties.  "Treated  ties  shall  be  cross  piled  closely  on 
well-drained  ground  to  prevent  checking." 

Mr.  Lindsay :— Our  experience  with  treated  ties  is  that  they  must 
be  piled  with  the  ties  close  together  in  each  layer,  and  I  believe  that  is 
what  the  Committee  wishes  to  convey.  You  don't  want  to  convey  the 
idea  that  the  piles  themselves  must  be  close  together.  Will  you  add  to 
that  specification,  "and  piles  shall  be  far  enough  apart  to  reduce  fire 
risk"  ? 

Mr.  Downs: — There  is  no  objection  to  that.  All  we  desire  to  convey 
is  how  the  ties  shall  be  piled  as  to  each  tie. 

Mr.  Lindsay : — The  idea  may  be  conveyed  that  the  piles  themselves 
may   be    close    together,    which    is    objectionable. 

The  President: — Do  you  make  a  motion  to  have  that  added? 

Mr.  Lindsay : — Add  that  "piles  shall  be  far  enough  apart  to  reduce 
fire  risk." 

(The  motion  carried.) 

Mr.  Downs : — We  have  finished  the  specifications  for  cross-ties  and 
we  start  now  with  the  specifications  for  switch-ties.  The  Committee  was 
mindful  of  filling  up  the  Manual  with  too  many  specifications  and  the 
specifications  for  switch-ties  fit  in  with  cross-tie  specifications  to  a  cer- 
tain extent.     (Reading  bottom  paragraph,  p.  245.) 

Mr.   Downs: — Minimum   dimensions    (reading  par.  2,   p.  246). 

The  President: — Any  discussion  on  paragraph  2?  If  there  is  none, 
we  will  accept  the  work  of  the  Committee. 

Mr.   Downs : — Allowable  variations  in  dimensions. 

Mr.  Baldridge : — This  allowable  variation  brings  up  again  the  12- 
inch  width  of  space  permissible  in  ties.  The  switch-ties  under  the  frog 
are  fixed  in  position  by  the  frog-plates.  It  is  therefore  impossible  to 
spread  the  ties  to  other  than  fixed  positions  and  with  12-inch  face 
dimensions  it  is  almost  impossible  to  tamp  the  switch-tie  under  the  frog. 
It  seems  to  me  that  for  switch-ties  the  12-inch  width  allowable  is  too 
great. 

Mr.  Downs : — The  Committee  did  not  intend  to  place  the  interpre- 
tation on  that  paragraph  that  you  place   on  it. 

The  President:— As  I  understand  Mr.  Downs,  and  he  confirms  it,  the 
variations  he  refers  to  are  as   follows :     "Variations   from   the   specified 
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dimensions  for  cross-ties  will  be  permitted  of  one-half  inch  over  in 
thickness;  2  inches  over  in  width   and  2  inches  over  in  length." 

Mr.  Downs  : — Yes,  sir. 

Mr.  Baldridge : — I  move  that  the  maximum  dimension  permissible 
on  switch-ties  be  limited  to  10  inches. 

The  President: — I  do  not  hear  any  second.  We  will  therefore  take 
it  for  granted  that  you  wish  to  approve  the  recommendation  of  the 
Committee  as  it  stands  in  the  report. 

Mr.  Downs : — Piling.  Each  set  of  switch-ties  shall  be  piled  sepa- 
rately and  must  be  complete  as  ordered.  The  length  or  number  of  each 
tie  must  be  plainly  marked  on  each  end. 

The  President: — -Not  hearing  any  criticism  or  objections  we  will  con- 
sider that  approved. 

Mr.  Downs: — The  balance  of  that  page  gives  information  we  collected 
that  we  thought  would  be  of  value  to  you.  The  next  is  the  use  of  metal, 
composite  and  concrete  ties.  As  we  have  stated  each  year,  this  is  the 
building  up  of  the  history  of  these  ties  and  is  furnished  you  as  informa- 
tion.    You  will  find  the  information  on  the  pages  beyond  this. 

The  President : — This  report  of  the  Committee  on  the  use  of  metal, 
composite  and  concrete  ties  will  be  received  as  information.  Has  the 
convention  any  recommendations  to  make  for  next  year's  work  in  con- 
nection  with  the   work  of  the   Committee  on   Ties? 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  :— 
There  is  one  question  I  want  to  direct  the  Committee's  attention  to. 
Of  course,  they  have  no  right  to  anticipate  action  of  this  convention  on 
any  report  that  has  not  been  presented,  but  the  report  on  the  grading 
of  lumber,  if  adopted  by  this  Association  will  wipe  out  all  nomencla- 
ture, such  as  "longleaf  yellow  pine,"  etc.,  and  in  case  it  is  adopted  I 
think  the  Committee  should  revise  their  report  to  conform. 

The  President :— That  will  be  the  understanding.  That  would  nat- 
urally carry  along  with  it  the  revision  of  this  specification  to  corre- 
spond with  the  other.  Have  you  any  suggestions  to  make  for  the 
benefit  of  the  Committee  on  Outline  of  Work? 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — It  may  be  possible  that 
in  the  Manual  already  there  are  instructions  as  to  the  piling  of  creosoted 
ties  and  protection  against  fire.  We  issued  instructions  that  they  be 
piled  a  specific  distance  apart,  the  idea  being  that  the  cost  of  cutting 
the  grass  and  digging  up  the  ground  was  greater  than  the  cost  of  carry- 
ing them  to  the  point  at  which  they  would  be  put  in  the  track.  That  may 
have  been  covered  in  previous  reports,  but  it  appears  to  be  a  point  that 
might   be   considered. 

The  President : — We  understand  that  point  has  been  covered. 

Mr.  Sullivan : — Mr.  Lindsay  spoke  about  the  ties  being  piled  close, 
but  he  did  not  say  anything  about  protection.  If  they  were  50  feet  apart 
that  might  reduce  the  risk.     If  you  had  a  single-track  road,  piling  them 
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SO  feet  apart,  that  might  reduce  the  risk,  but  if  you  dig  up  10  feet  of 
sod  all  around,  might  that  not  protect  them  from  fire? 

Mr.  McDonald : — In  piling  treated  timber,  we  not  only  pile  it  so 
that  no  air  can  get  through  or  under  it,  but  cover  it  with  earth.  I  don't 
know  whether  that  is  covered  in  the  Manual  or  not. 

The  President : — I  think  that  practice  is  pretty  well  understood. 
People  using  treated  ties  now  are  pretty  well  informed  as  to  how  to 
take  care  of  them.  The  Committee  is  excused,  with  the  thanks  of  the 
Association  for  their  work. 


DISCUSSION  ON  CONSERVATION  OF  NATURAL 
RESOURCES. 

(For   Report,    see   pp.    271-278.) 

LIST     OF      SPEAKERS      TAKING     PART      IN      DISCUSSION      ON      CONSERVATION      OF 
NATURAL   RESOURCES. 

L.  A.  Downs.  S.    N.   Williams. 

C.  E.  Lindsay.  R.  C.  Young. 

Mr.  R.  C.  Young  (Lake  Superior  &  Ishpeming)  :— The  report  of 
this  Committee  is  in  the  nature  of  information  only  and  touches  the  sub- 
jects which  seem  to  be  of  the  most  interest  to  the  railways,  namely, 
reforestation  and  the  subject  of  the  preservation  of  the  timber  supply ; 
also  the  question  of  the  development  of  water  power  with  the  idea  of  the 
conservation  of  the  fuel  and  coal  supply.  Prof.  Williams  has  been 
largely  instrumental  in  the  preparation  of  this  report,  and  I  will  ask  him 
if  he  has  any  comments  to  make. 

Prof.  S.  N.  Williams : — The  instructions  given  the  Committee  were, 
first,  continue  the  study  of  tree  planting  and  general  reforestation ; 
second,  study  the  resources  of  iron  ore,  coal,  fuel,  oil  and  timber;  also 
report  on  water  power  for  railway  operation.  In  accordance  with  the 
general  instructions,  that  two  subjects  were  the  maximum  for  action 
of  the  convention,  it  was  thought  best  not  to  enter  far  into  the  study  of 
resources  of  iron,  coal,  fuel,  oil  and  timber.  If  the  Association  remem- 
bers the  report  of  last  year,  you  may  be  pleased  to  know  that  the  Illinois 
Central  Railroad  has  shown  the  possibility  of  practical  work  in  the 
direction  of  forestation,  and  may,  if  interested,  refer  to  that  report, 
as  it  shows  what  has  been  done  successfully  by  railway  companies.  As 
shown  here,  reforestation  in  general  involves  such  a  length  of  time  and 
amount  of  money  that  railway  companies  will  not  care  to  devote  them- 
selves to  it  at  present.  It  is  a  matter  for  either  state  or  government 
management.  For  that  reason  it  was  thought  best  to  present  to  you  a 
report  which  has  taken  France  several  years  to  prepare  on  reforestation, 
and  it  has  been  done  very  successfully,  particularly  financially.  About 
two  years  ago,  in  investigating  subjects  for  our  consideration,  I  decided 
to  investigate  the  subject  of  electric  power  from  water  power  for 
railway  operation.  I  found  that  in  Norway  the  government  was  taking 
control  of  the  rivers  and  putting  them  in  condition,  or  at  least  preparing 
to  do  so  for  the  use  of  the  river  power  to  operate  their  steam  railways. 
For  that  and  other  reasons,  the  subject  has  been  formally  placed  before 
the  Association. 

We  found  last  year  that  while  there  were  many  examples  of  profit- 
able management  of  water  power  in  the  interest  of  city  railways  and 
electric    lighting,    there    seemed    to    be    a    large    opportunity    for    railway 
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companies  and  the  enormous  development  of  water  power,  for  general 
commercial  purposes  makes  it  advisable  to  call  attention  of  the  Asso- 
ciation to  its  value  for  steam  railway  purposes.  In  our  investigation  we 
did  not  find  steam  railways  using  water  power  successfully,  though  we 
found  quite  a  number  of  railways  using  steam  to  produce  electric  power. 
I  am  informed  that  the  great  power  at  Keokuk  is  possibly  not  being  used 
as  fully  as  it  might  be,  and  think  there  is  a  probability  of  using  the 
Niagara  power  more  profitably  than  at  present,  although  that  is  a  ques- 
tion under  discussion  between  the  two  governments  interested.  I  only 
refer  to  it  because  we  are  very  practical  and  wish  to  use,  as  shown  in 
this  report,  all  the  power  that  can  successfully  be  used.  None  should  be 
wasted,  and  we  find  two  steam  railways  successfully  using  water  power 
for  running  their  trains.  Hence  the  Committee  invites  your  attention 
to  them:  the  Butte,  Anaconda  &  Pacific  and  the  Milwaukee  &  St.  Paul. 
As  I  came  this  morning  I  was  pleased  to  find  that  "the  psychological 
moment"  had  been  improved  by  one  of  the  great  companies  mentioned 
in  this  report,  so  if  you  don't  have  a  copy  of  our  report  to  carry  away 
with  you,  simply  get  a  copy  of  the  Chicago  Tribune  and  you  will  find 
the  leading  points  referred  to  by  our  Committee  in  report  on  the  Chicago, 
Milwaukee  &  St.  Paul  Railway.  I  may  be  excused  for  referring  to  these 
two  railways  so  directly,  because  they  have  made  a  notable  success  in 
lines  of  operation  considered  by  our  Committee.  The  report  is  not  as 
full  as  it  might  be  on  the  subjects  assigned.  The  Committee  really  had 
about  three  times  as  much  information  on  them  as  the  Secretary  thought 
best  to  publish.  Hence  we  cut  down  to  a  reasonable  amount,  and  we 
hope  every  member  will  read  the  entire  report.  It  is  hardly  necessary 
for  me  to  remind  you  that  the  great  war  in  Europe  indicates  a  necessity 
for  world-wide  conservation  of  natural  resources.  We  are  temporarily 
at  a  standstill  in  this  matter,  as  noticed  in  the  report,  in  reference  to 
the  work  of  commissions,  because  we  don't  know  just  where  we  are  at 
present.  Until  we  know  how  much  of  the  natural  resources  of  the  world 
have  been  consumed  by  the  governments  in  Europe,  and,  possibly  a  little 
later  by  our  own  government  in  Mexico,  we  don't  know  how  to  advise  the 
people  best  in  conservation  of  natural  resources.  I  think,  however,  that 
the  work  of  railway  officials  in  general  is  such  that  it  is  hardly  necessary 
to  emphasize  the  necessity  of  economy;  only  we  would  like  to  have 
the  matter  of  economy  of  natural  resources  and  of  every  other  kind  of 
resources  impressed  fully  upon  the  people  at  large.  So,  without  reporting 
fully  on  these  three  subjects,  we  invite  your  attention  to  the  report  now 
before  you  as  information,  and  think  that  they  might  profitably  be  con- 
tinued for  study  the  coming  year.  The  special  lines  of  value  to  railway 
companies  are  indicated  in  the  report,  and  possibly  the  Board  of  Direc- 
tion may  consider  that  we  can  best  investigate  subject  No.  2  again. 
I   thank  you   for  your  kind   attention. 

The  President: — Is  there  any  discussion  of  the  report  of  the  Com- 
mittee   on    Conservation    of    Natural    Resources? 

Mr.  L.  A.  Downs  (Illinois  Central)  : — Prof.  Williams  mentioned 
last  year's  report  in  his  talk,  and  has  also  mentioned  in  this  report  the 
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splendid  showing  made  by  tree  planting  on  the  Illinois  Central.  I  in- 
tended speaking  of  this  last  year  as  to  how  different  this  Committee  acts 
from  other  committees  of  this  Association.  Last  year,  in  their  report, 
there  were  ten  or  twelve  railroads  that  reported  on  tree  planting.  All 
of  them  were  dismal  failures,  with  the  exception  of  one  on  the  Illinois 
Central,  and  that  showed  that  it  was  a  success.  This  one  is  located 
seven  miles  out  from  New  Orleans.  No  mention  was  made  in  the 
Illinois  Central  report  of  one  in  Southern  Illinois  in  the  vicinity  of 
Duquoin,  that  was  a  dismal  failure.  I  was  not  familiar  with  any  of 
these  reports  last  year,  except  the  one  on  the  Illinois  Central.  This  was 
planted  in  1901.  I  was  then  Roadmaster  there  and  had  charge  of  this 
planting.  I  was  the  original  tree  planter  on  the  Illinois  Central.  I 
had  occasion  to  look  at  this  plantation  last  Sunday.  I  don't  agree  with 
the  report  that  was  made  last  year,  and  from  my  observation  it  was  a 
failure,  although  it  is  shown  in  this  report  that  it  was  a  good  thing. 
It  was  surprising  to  me  that  in  the  report  of  last  year  all  the  railroads 
which  have  planted  trees  have  had  dismal  failures,  and  even  if  the  Illi- 
nois Central  had  had  the  alleged  success  shown  in  this  report,  the  Com- 
mittee would  not  have  thrown  it  out.  I  don't  believe  there  is  anything 
to  be  gained  by  tree  planting. 

Prof.  Williams: — The  Committee  was  informed  in  a  general  way 
about  the  plantation  in  Southern  Illinois,  but  we  refer  you  to  our 
previous  report,  which  shows  decided  success  on  one  plantation  of  the 
Illinois  Central  and  gives  the  information  furnished  by  other  railways 
that  had  tried  forestation,  notably  the  success  of  the  Pennsylvania  Com- 
pany, and  admit  that  the  report  of  most  of  the  other  railways  was  not 
encouraging.  I  think  the  Committee  made  no  recommendation  that 
railway  companies  should  take  this  up,  but  considered  that  the  suc- 
cess at  Harahan  was  worthy  of  report  since  there  had  been  on  exhibi- 
tion here  previously  ties  obtained  from  that  plantation.  Last  year  we 
did  not  recommend  the  railway  companies  to  generally  practice  foresta- 
tion nor  do  we  now  urge  this,  because  it  takes  so  long  a  time,  requires 
much   money  and,   from  a  practical   standpoint,   does   not   pay. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — Is  it  in  order  to  make 
a  motion? 

The  President : — Yes,  it  is,  Mr.  Lindsay. 

Mr.  Lindsay: — One  matter  about  natural  resources  has  not  been 
mentioned  by  the  Committee.  The  conservation  of  natural  resources 
is  a  constant  source  of  conversation,  and  should  include  the  conserva- 
tion of  human  life.  Would  it  not  be  proper  for  this  Committee  to  give 
us  a  broad  resume  of  this  subject? 

The  President: — That  is  referred  to  the  Committee  on  Outline  of 
Work.  Is  there  any  further  discussion?  If  not,  we  will  accept  this- re- 
port of  the  Committee  as  information  and  excuse  the  Committee  with  the 
thanks  of  the  Association.  This  is  a  very  interesting  report  that  this 
Committee  has  furnished  us,  and  I  am  sure  that  you  will  receive  benefit 
from  it  if  you  will  read  it,  as  has  been  suggested  by  Prof.  Williams. 
The  Committee  is  excused,  with  the  thanks  of  the  Association. 
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The  President : — The  report  of  the  Committee  on  Yards  and  Ter- 
minals will  be  presented  by  Mr.  E.  B.  Temple,  Chairman  of  the  Committee. 

Mr.  E.  B.  Temple  (Pennsylvania  Railroad)  : — The  Board  of  Direc- 
tion assigned  four  subjects  to  the  Committee,  outside  of  the  revision  of 
the  Manual.  The  first  subject  was  to  make  a  report  on  the  handling 
of  freight  in  double-deck  freight  houses  and  cost  of  operation.  We  have 
not  treated  on  this  subject  this  year,  because  we  have  taken  up  two  other 
matters  which  occupied  all  the  space  that  should  be  given  to  our  Com- 
mittee. The  Committee  would  suggest,  however,  and  have  requested  of 
the  Board  of  Direction,  that  this  same  question  be  referred  to  it  next  year. 
It  is  a  subject  which  permits  of  ample  discussion  and  much  can  be  written 
on  it.  It  is  a  very  live  subject  with  some  of  the  railroads  now.  We  are 
also  suggesting  that  storage  warehouses  be  studied  in  connection  with  the 
less-than-carload  freight  matter.  Last  year  we  gave  instances  of  mechan- 
ical handling  of  freight  in  a  number  of  freight  houses  in  this  country  and 
abroad,  and  that  feature  was  pretty  thoroughly  covered. 

The  next  was  to  continue  the  study  of  typical  situation  plans  of  pas- 
senger stations  and  approaches  and  methods  of  operating  same.  For  the 
last  four  or  five  years  this  subject  has  been  reported  on  and  a  number 
of  instances  have  been  cited  and  articles  printed.  We  did  not  pursue 
this  matter  this  year  for  the  reason  which  I  stated  before.  Two  of  the 
diagrams  which  have  been  described  in  our  previous  reports  have  been 
tried  out,  one  at  the  Kansas  City  Terminal  and  one  at  the  Broad  Street 
Station,  Philadelphia,  and  the  results  were  fully  up  to  the  recommenda- 
tions, as  shown  by  these  diagrams  and  studies  which  were  made  by  the 
railroad  companies  and  this  Committee. 

The  next  subject  assigned  to  us  was  to  continue  the  study  of  classifi- 
cation yards.  Last  year  this  Committee  made  an  effort,  and  it  succeeded, 
in  getting  the  cost  figures  on  the  operation  of  several  classification  yards ; 
in  fact,  one  hump  yard  and  two  flat  yards.  This  year  we  have  received 
and  tabulated  information  on  two  hump  yards  and  one  flat  yard.  The 
information,  I  think,  is  valuable  and  instructive,  and  while  we  are  not 
prepared  to  make  any  recommendations  as  yet,  we  find  that  this  is  a  field 
that  is  promising,  and  I  believe  that  good  recommendations  can  be  made 
when  the  subject  is  pursued  a  little  further. 
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The  Committee,  in  first  taking  this  matter  up,  was  undecided  as  to 
whether  the  cost  should  be  per  car  passing  through  the  yard  or  by  counting 
each  car  twice.  Some  roads  prefer  to  count  the  cars  but  once,  but  we  de- 
cided to  count  the  cars  twice,  once  when  they  enter  the  receiving  yard 
and  once  when  they  leave  the  classification  or  departure  yard.  I  will  give 
the  figures  to  you  just  roughly — the  cost  per  car  in  the  hump  yards, 
counting  the  car  twice,  in  one  of  the  yards,  was  23.76  cents,  in  another 
yard  18.5  cents  and  in  another  yard  12.9  cents.  In  the  case  of  flat  yards, 
the  cost  per  car,  counting  the  car  twice,  was  21.3  cents  in  one  case,  in 
another  case  15  cents,  and  in  a  third  case  it  was  63  cents.  This  latter 
case  we  think  should  not  be  considered  because  there  were  certain  condi- 
tions in  the  yard  which  ran  the  cost  up. 

It  was  found  that  the  grades  in  the  receiving  yard  had  much  to  do 
with  the  cost  as  well  as  the  type  of  motive  power  used  in  pushing  the 
trains  through  the  receiving  yard  over  the  hump.  In  addition  to  these 
costs,  there  are  the  costs  of  moving  the  cars  from  the  classification  yard 
to  transfer  sheds  or  shops.  The  figures  are  not  included  here,  but  they 
run  about  the  same  as  the  cost  given  for  pushing  the  cars  over  the 
hump. 

I  believe  that  good  conclusions  can  be  drawn  when  this  matter  is  fol- 
lowed a  little  further,  and  it  is  the  expectation  of  the  Committee  that  more 
yards  will  be  studied  this  year  and  we  will  take  up  the  study  of  some  of 
the  smaller  yards.  These  yards  referred  to  are  pretty  large  yards,  both  in 
the  East  and  in  the  West. 

The  last  subject  assigned  to  the  Committee  was  to  continue  the  study, 
and  if  possible  make  a  report  on  track  scales.  This  is  a  matter  which  has 
been  before  the  convention  for  two  or  three  years,  possibly  more,  and 
there  has  been  an  endeavor  made  on  our  part  to  prepare  a  track  scale 
specification  that,  perhaps,  we  could  adopt  next  year,  and  there  is  printed 
in  the  Proceedings  a  report  which  we  prepared  after  many  consulations 
with  the  Committee  of  the  American  Railway  Association,  which  associa- 
tion was  about  to  revise  its  standard  on  this  subject. 

In  January,  unexpectedly,  the  Bureau  of  Standards  of  the  Depart- 
ment of  Commerce  at  Washington  issued  a  tentative  track  scale  specifica- 
tion, and  they  have  sent  this  pretty  broadcast  throughout  the  country; 
asking  for  criticisms.  They  wrote  to  Mr.  Trimble,  as  President  of  our 
Association,  and  sent  him  a  copy  of  these  specifications  and  also  wrote 
to  me.  The  second  paragraph  of  Mr.  Stratton's  letter,  who  is  the  Director 
of  that  Bureau,  is  as  follows :  "We  would  be  pleased  to  have  the  benefit 
of  suggestions  and  criticisms  resulting  from  any  consideration  you  or  the 
Society  may  give  to  the  matter.  In  particular,  we  would  appreciate  a  care- 
ful consideration  of  the  second  part  of  this  circular,  entitled  'Capacity 
Rating.'  This  is  a  technical  treatment  of  the  subject  upon  which  it  is 
difficult  for  us  to  get  competent  criticisms." 

I  would  state  that  it  is  quite  technical,  and  I  know  that  our  Com- 
mittee cannot  handle  it  without  the  assistance  of  other  engineers  of  the 
railroad  companies   or   some  other   committee   of  this  Association.     The 
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Bureau  has  been  spending  a  couple  of  years  in  the  preparation  of  this 
report  and  has  gone  into  it  in  great  detail.  We  are  not  prepared  to 
criticize  or  accept  this  proposition,  but  it  would  appear  from  glancing 
over  it,  that  it  might  be  better  if  it  could  be  condensed,  or  at  least  a 
synopsis  given  of  it,  so  that  the  ordinary  man  could  read  it  and  under- 
stand it,  without  going  into  the  technical  end  of  it  too  much.  If  we 
undertake  the  consideration  of  this,  it  will  be,  I  think,  on  those  lines. 

We  have  no  recommendations  to  make  this  year,  and  nothing  to  ask 
the  Association  to  insert  in  the  Manual,  except  one  definition  of  "Holding 
Yard,"  which  really  should  have  been  placed  in  the  Manual  last  year  and 
it  was  only  because  of  an  oversight  it  was  not.  We  were  asked  a  year 
or  two  ago  to  give  a  definition  of  a  holding  yard  which  we  do  as  follows : 

"Holding  Yard. — A  convenient  relief  yard  for  holding  cars  or  trains 
for  immediate  use." 

I  would  move  that  this  be  inserted  in  the  Manual  as  the  definition 
for  a  holding  yard. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — It  seems  to  me  the  terms 
"holding  yard"  and  "for  immediate  use"  are  headed  in  opposite  directions. 
I  think  the  wording  of  this  definition  should  be,  "A  convenient  relief  yard 
for  holding  trains  or  parts  of  trains  between  makeup  and  leaving  time 
of  trains."  In  my  opinion  that  expresses  the  definition  of  holding  yard 
better  than  "for  immediate  use." 

The  President : — Do  you  offer  that  as  a  new  definition  to  take  the 
place  of  the  one  recommended  by  the  Committee? 

Mr.  Baldridge: — Only  to  the  extent  of  modifying  the  latter  part  of 
that  definition  in  the  manner  indicated. 

(The  motion  of  the  Chairman  carried.) 

The  President: — The  definition  offered  by  the  Committee  is  accepted 
and   will  be  added  to   the  Manual. 

Mr.  George  W.  Kittredge  (New  York  Central)  :— I  would  like  to 
ask  if  in  their  discussion  of  cost  of  operating  hump  yards  as  compared 
with  flat  yards  whether  the  Committee  has  secured  any  information  as 
to  just  where  the  dividing  line  should  come,  that  is,  just  where  a  hump 
yard  should  be  resorted  to,  and  where  a  flat  yard  should  be  resorted  to. 
There  is  undoubtedly  a  very  interesting  point  here,  and  where  there  is  a 
very  large  number  of  cars  to  be  handled,  no  doubt  a  hump  yard  is  more 
expeditious  and  possibly  less  expensive,  but  I  think  that  with  a  minimum 
number  of  cars  it  is  quite  possible  that  a  flat  yard  is  the  better. 

Mr.  Temple: — We  have  not  developed  that  yet,  although  last  year 
a  number  of  roads  were  asked  that  question  and  our  last  year's  report 
gave  some  information  on  the  subject.  I  might  state  as  an  instance  of 
that,  of  a  closely  connected  poling  yard  and  hump  yard,  at  Harrisburg, 
where  the  eastbound  yard  is  operated  by  the  poling  method  and  the  west- 
bound yard  by  the  hump  method.  The  cost  in  the  poling  yard  is  18.5 
per  car,  and  in  the  westbound  gravity  yard  it  is  practically  18  cents. 
It  appears  from  that  instance  that  there  is  practically  no  difference  in 
unit  costs  in  a  big  yard  of  that  kind. 
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Mr.  C.  E.  Lindsay  (New  York  Central)  : — Under  "Yard  A"  on  page 
282,  items  8  and  9,  it  speaks  of  the  eastbound  as  a  poling  yard,  I  assume 
that  is  the  Harrisburg  yard. 

Mr.  Temple: — Yes. 

Mr.  Lindsay : — On  page  283  you  figure  the  average  cost  per  hour, 
based  on  six  miles  per  hour.  Just  why  did  the  Committee  use  six  miles 
per  hour  in  that  calculation?  Is  that  the  report  you  received  from  the 
railroad? 

Mr.  Temple: — That  is  a  report  from  the  Pennsylvania  Railroad, 
and  that  is  the  way  that  the  Pennsylvania  makes  up  its  cost. 

Mr.  Lindsay: — It  is  arbitrary? 

Mr.  Temple: — It  is  an  arbitrary  charge  A  good  many  of  these  loco- 
motive charges   are   arbitrary   charges. 

Mr.  Lindsay:— On  page  285,  item  (2),  which  I  assume  refers  to 
Yard  A,  the  writer  speaks  of  having  the  classification  tracks  long 
enough  to  hold  150  cars — do  they  depart  from  the  classification  tracks? 

Mr.  Temple: — Yes,  they  do,  and  the  same  is  true  of  the  big  yard 
across  the  river,  the  Enola  yard,  although  some  of  our  yards  have 
departure  tracks. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — I  do  not  notice  that  they 
give  any  statement  of  interest  on  the  amount  of  capital  invested. 

Mr.  Temple : — These  figures  do  not  include  any  interest  charges  on 
the  capital.  They  do  include  all  other  expenses  which  should  go  into 
the  cost  of  handling  the  cars  over  the  hump  and  in  the  yard. 

Mr.  R.  A.  Rutledge  (Santa  Fe)  : — Does  that  include  the  difference 
in  the  cost  of  repairs  to  equipment?  I  know  that  is  the  first  thing  I 
meet  when  I  talk  hump  yard.  The  mechanical  department  claims  it  will 
greatly  increase  the  cost  of  repairs  to  equipment.  Does  this  item  of 
cost  include  anything  on  that? 

Mr.  Temple: — The  cost  damage  to  cars?  You  mean  by  equipment 
the  cars? 

Mr.  Rutledge  : — Yes. 

Mr.  Temple: — That  is  given  in  each  instance  and  you  can  see  the 
difference.  The  damage  to  cars  in  these  big  yards  is  not  very  great. 
If  you  will  read  the  report  you  will  notice  in  each  case  the  damage 
during  the  month  has  been  given  and  the  cost  of  repairs. 

Mr.  Lindsay : — Our  experience  is,  with  the  hump  yard,  that  our 
damage  to  equipment  is  less  than  it  was  with  the  tail  switching  method. 
We  have  further  reduced  it  by  the  introduction  of  the  poling  car  to  push 
cars  in  to  clear  where  they  are  stalled  on  the  ladders  and  that  method  is 
being  used  very  successfully. 

The  President: — There  are  certain  matters  in  this  report  which  are 
referred  to  the  Committee  on  Outline  of  Work,  including  the  recom- 
mendations and  suggestions  for  next  year's  work.  The  Committee  is 
excused,  with  the  thanks  of  the  Association. 
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The  President: — The  report  of  the  Special  Committee  on  Uniform 
General  Contract  Forms  will  be  presented  by  Mr.  E.  H.  Lee,  Chairman 
of  the  Committee. 

Mr.  E.  H.  Lee  (Chicago  &  Western  Indiana)  : — The  work  assigned 
to  this  Committee  is  outlined  in  the  report  itself.  You  will  note  in  addi- 
tion to  the  changes  in  the  Manual  which  we  were  requested  to  consider 
that  two  other  subjects  were  given  to  the  Committee,  namely,  the  prepara- 
tion of  a  report  on  siding  agreements  and  a  report  on  forms  for  inter- 
locking and  railway  crossings,  conferring  with  Committee  on  Signals  and 
Interlocking. 

Under  rule  8-b  of  the  General  Rules  of  the  Board  of  Direction  it  is 
indicated  that  only  one  subject  is  expected  to  be  reported  upon  fully,  and 
that  subject  in  this  report  is  the  one  on  industry  track  agreements  or  sid- 
ing agreements.  In  connection  with  that  report  I  wish  to  call  the  atten- 
tion of  the  Association  briefly  to  the  conditions.  After  mature  considera- 
tion, your  Committee  concluded  that  the  best  method  of  procedure  would 
be  to  submit  the  conclusions  of  the  Committee  in  concrete  form.  There- 
fore, we  submit  the  agreement  in  the  form  in  which  it  is  shown  in  the 
report.  For  the  reasons  stated  in  the  report  this  subject  is  one  of  particu- 
lar difficulty.  Your  Committee  fully  realizes  that  this  suggested  uniform 
industry  track  agreement  can  be  expected  to  meet  the  requirements  of 
relatively  few  railroads,  in  every  respect,  or  as  a  whole.  We  do  feel, 
however,  that  it  is  of  importance  that  the  various  articles  submitted  in  this 
agreement  form  shall  be  brought  to  the  attention  of  members  of  the 
Association,  when  they  are  required  to  consider  this  subject. 

Your  Committee  wishes  to  call  the  attention  of  the  members  of 
the  Association  to  the  fact  that  it  will  be  entirely  agreeable  to  the  Com- 
mittee if  the  action  of  the  Association  takes  some  other  form  than  the 
definite  approval  of  the  agreement  as  submitted.  It  will  be  entirely 
agreeable  to  the  Committee,  for  instance,  if  the  report  is  accepted  as 
information,  without  being  considered  in  detail  by  the  convention. 
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Prof.  C.  Frank  Allen  (Massachusetts  Institute  of  Technology)  : — 
First  calling  attention  to  the  bottom  of  page  299,  a  clerical  correction 
is  necessary  at  the  end  of  the  second  line.  The  words  "in  other  respects" 
should  be  underscored.  The  other  changes  in  that  paragraph  are  the 
word  "shall"  as  underscored  to  provide  that  the  bond  shall  be  "written" 
and  "in  form  and  substance  and  with  surety  thereon"  satisfactory  and 
acceptable  to  the  company  "to  insure  the"  faithful  performance  by  the 
contractor,"  etc. 

The  suggestion  is  that  the  new  reading  makes  it  feasible 
to  demand  of  the  contractor  that  his  bond  shall  be  in  the  form  of  the 
bond  that  has  already  been  adopted  by  this  Association.  The  previous 
reading  did  not  quite  secure  that.  Then  on  page  300  are  added  the 
words  "for  the  full  amount  or  such  smaller  sum  as  may  at  any  time 
be  specified  by  the  Chief  Engineer,"  so  that  the  sentence  shall  read 
"This  bond  shall  remain  in  force  and  effect  for  the  full  amount  or  such 
smaller  sum  as  may  at  any  time  be  specified  by  the  Chief  Engineer." 

The  President : — I  think  we  will  act  on  each  of  these  paragraphs 
as  we  come  to  them.  Is  there  any  change  to  be  made  by  the  convention 
in  paragraph  1  as  submitted  by  the  Committee?  If  not,  we  will  con- 
sider that  as  acceptable  and  pass  to  paragraph  9. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  believe  that  the 
last  part  of  paragraph  1  should  be  changed  to  read  as  follows :  "This 
bond  shall  remain  in  force  and  effect  for  the  time  specified  in  the 
contract."     I   make   a   motion   that  it  be   so   changed. 

Prof.  Allen : — It  is  probably  true  sometimes  that  the  bond  should 
remain  in  effect  after  the  contract  is  substantially  completed.  It  was 
thought  better  that  the  bond  should  not  become  outlawed  at  the  time 
the  contract   is   completed. 

Mr.  E.  A.  Frink  (Seaboard  Air  Line)  : — The  effect  of  Mr.  Campbell's 
motion,  in  many  cases,  would  be  that  the  bond  would  not  be  in  con- 
tinuous effect  during  the  progress  of  the  work,  because  it  is  common  ex- 
perience that  the  contract  is  not  finished  on  time.  I  think  that  limitation 
should  not  be  put  on  it.     I  do  not  think  it  is  right. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — I  think  Mr.  Campbell's  motion 
would  be  right.  I  do  not  remember  the  reading  exactly,  but  it  should 
provide  that  the  bond  remain  in  full  force  and  effect,  as  originally  pro- 
vided in  the  contract,  until  such  time  as  the  work  is  terminated.  It  is  no 
uncommon  experience  to  have  a  bond  or  contract  voided  entirely  if  a 
point  of  that  kind  is  overlooked. 

Mr.  Campbell: — If  the  contract  is  properly  drawn — and  whether  or 
not  it  is  will  be  determined  by  the  attorneys  of  the  company — the  bond 
provision  will  be  fully  covered  by  the  contract  which  will  state  the  kind, 
amount  and  duration  of  the  bond  and  the  conditions  under  which  it  shall 
terminate. 

I  do  not  believe  that  the  management  of  a  railroad  company  would, 
as  a  rule,  consent  to  leave  this  matter  entirely  within  the  discretion  of 
the  Chief  Engineer.     The  proposed  revision  says,  "This  bond  shall  remain 
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in  force  and  effect  for  the  full  amount  or  such  a  smaller  sum  as  may 
at  any  time  be  specified  by  the  Chief  Engineer."  On  a  technical  con- 
struction of  that,  I  believe  the  Chief  Engineer  would  have  power  to 
annul  the  bond  at  any  time  after  its  execution.  I  believe  the  contract 
should  cover  the  bond  feature  completely  and  if  it  does,  it  will  make 
clear  how  long  and  under  what  conditions  the  bond  will  run.  I  do  not 
believe  that  the  proposed  revision  is  fair  to  the  contractor,  inasmuch 
as  it  leaves  too  much  uncertainty  as  to  how  long  and  in  what  amount 
he  would  have  to  maintain  the  bond. 

Mr.  Frink : — I  am  quite  in  sympathy  with  the  spirit  of  Mr.  Camp- 
bell's remarks.  I  do  not  think  this  provision  as  it  stands  is  a  good  one. 
In  the  first  place,  I  do  not  think  it  would  be  any  benefit  to  the  con- 
tractor, because  when  he  gets  that  bond  he  pays  for  the  whole  time 
the  bond  is  supposed  to  run,  and  if  the  bond  is  reduced  or  annulled,  he 
does  not  get  any  rebate.  I  think  it  is  a  bad  precedent  to  allow  an  annul- 
ment or  reduction  of  the  bond  to  be  made  at  the  option  of  the  Chief 
Engineer.  My  objection  was  simply  to  the  change  in  the  wording  that 
the  bond  should  terminate  at  the  time  the  bond  is  specified  to  expire 
by  limitation. 

I  think  we  can  clarify  the  situation  by  a  motion  to  amend  Mr. 
Campbell's  motion,  in  this  form :  "This  bond  shall  remain  in  full  force 
and  effect  until  the  entire  work  contemplated  by  the  contract  is 
completed." 

Mr.   Campbell : — I  accept  that  amendment. 

Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  : — I  think  the  amend- 
ment would  be  extremely  disastrous.  There  are  a  large  number  of 
obligations  which  contractors  incur  which  may  become  liens  enforceable 
after  the  final  estimate  is  paid.  For  that  reason  the  effect  of  the  bond 
or  its  action  should  not  terminate  at  the  completion  of  the  work.  It  is 
my  own  practice  to  make  such  bonds  run  twelve  months  after  the 
payment  of  the  final  estimate.  By  much  experience  we  have  found  we 
are  protected  by  that  in  many  ways.  A  gentleman  remarked  in  my 
hearing  that  "it  will  cost  the  contractor  no  more.  The  payment  is  made 
for  the  bond  as  long  as  it  runs."  That  does  not  conform  to  my  ex- 
perience. Contractors  are  continually  asking  that  bonds  be  cancelled 
when  the  work  is  completed  in  order  to  avoid  additional  payments.  That 
has  occurred,  not  once,  but  many  times,  so  that  I  do  not  think  that  the 
protection  given  to  the  railroad  company  by  the  bond  should  terminate 
as  soon  as  the  work  is  completed,  or  as  soon  as  the  final  estimate  is  paid. 

Mr.  C.  A.  Wilson  (Consulting  Engineer)  : — This  means  changing 
the  reading.  It  is  the  feeling  of  the  Committee  that  the  subject-matter 
here  presented  is  the  result  of  careful  consideration  by  the  Committee, 
and  the  Committee  would  prefer  to  have  such  motions  voted  down,  and 
thtn  a  motion  for  further  consideration  passed  so  that  we  can  con- 
sider it  further.  The  Committee  does  not  feel  that  these  gentlemen 
with  the  brief  attention  which  they  may  have  given  to  the  matter  can  give 
the  correct  wording  to  which  this  wording  should  be  changed.     We  have 
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a  standing  form  in  effect  now,  and  we  ought  not  by  motion,  in  a  hasty 
way,  change  the  form  which  is  in  the  Manual.  These  are  simply  changes 
which  the  Committee  would  like  to  have  discussed,  but  we  do  not  like 
to   see   a   motion   such   as  that   made  by   Mr.    Campbell   adopted. 

Mr.  R.  A.  Rutledge  (Santa  Fe)  : — There  is  a  matter  I  want  to  call 
attention  to  along  this  line  which  is  facing  me  at  the  present  time.  We 
had  a  contractor  who  unwittingly  allowed  an  explosion  which  injured 
a  boy  14  years  old,  and  the  case  was  settled  in  such  a  way  that  that 
boy  when  he  is  21  years  of  age  has  the  right  to  bring  suit  against  the 
company  or  the  contractor  for  that  damage.  I  never  release  a  bond 
until  I  know  that  every  possible  chance  of  a  claim  against  the  con- 
tractor has  been  satisfied,  and  I  will  not  consider  that  the  bond  in  this 
particular  case  to  which  I  refer  is  released  until  that  boy  is  25  years 
of  age.  I  do  not  think  we  can  ever  contend  that  a  bond  is  released  until 
every  possible  claim  against  the  contractor  is  satisfied  and  we  cannot  fix 
the  date  for  that  release. 

Prof.  Allen: — In  answer  to  Mr.  Campbell's  proposed  change  in  read- 
ing, I  will  say  that  the  change  offered  by  the  Committee  is  a  change 
which  does  not  affect  the  substance.  The  contract  as  adopted  by 
this  Association  now  reads :  "This  bond  shall  remain  in  force  and 
effect  in  such  amount  not  greater  than  that  specified,  as  shall  be  deter- 
mined by  the  Chief  Engineer."  As  far  as  the  substance  is  concerned,  the 
recommendation  of  the  Committee  makes  no  material  change ;  it  says 
"for  the  full  amount  or  such  smaller  sum  as  may  at  any  time  be  spe- 
cified by  the  Chief  Engineer;"  the  present  reading  puts  the  burden  on 
the  Chief  Engineer  to  specify  the  amount,  and  perhaps  leaves  the  bond 
useless  if  he  fails  to  specify  anything.  The  proposed  change  simply  per- 
fects the  reading,  and  there  is  no  material  change  in  substance. 

(The  amendment  offered  by  Mr.  Frink  and  accepted  by  Mr.  Camp- 
bell's was  lost.) 

(The  question  was  then  put  to  vote  and  the  amended  paragraph 
was  adopted.) 

The  President : — There  is  an  additional  sentence  in  paragraph  9. 
Is  there  any  discussion  on  that  paragraph?  If  not,  we  will  consider 
it  as  approved  and  will  pass  to  paragraph  12. 

(Prof.  Allen  then  read  paragraph  12,  and  in  connection  with  the 
latter  part  of  the  paragraph  said:) 

Prof.  Allen : — The  Chairman  of  the  Sub-Committee,  in  looking 
through  some  contract  forms  that  were  not  railroad  forms,  found  this 
provision,  which  seemed  to  be  a  good  one.  It  is  proposed  that  this  addi- 
tion shall  be  made,  because  if  this  was  not  in  the  paragraph,  it  might 
cause  some  friction,  if  the  Chief  Engineer  should  ask  to  have  portions 
of  the  work  taken  out. 

Mr.  Thos.  Earle  (Pennsylvania  Steel  Company)  : — I  think  that  the 
following  clause  should  be  omitted,  "even  to  the  extent  of  taking  out 
portions  of  the  finished  work;  in  case  the  work  is  found  satisfactory, 
the  cost  of  taking  out  and  replacement  shall  be  paid  by  the  Company." 
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It  does  not  seem  to  me  that  this  is  properly  the  function  of  inspection. 
An  inspector  is  put  on  the  work  to  see  that  it  is  done  properly,  and  if 
there  is  any  question  of  taking  out  portions  of  the  finished  work,  this 
should  be  ordered  by  the  Chief  Engineer.  The  company  is  amply  pro- 
tected by  the  contract  without  this  clause.  Without  it,  if  the  work  is 
not  satisfactory  to  the  Chief  Engineer,  he  can  order  any  portion  of  it  to 
be  taken  out,  and  if  it  is  not  in  accordance  with  the  contract  he  can  reject 
it,  and  if  it  is  in  accordance  with  the  contract  he  would  have  to  pay 
the  extra  cost  of  removing  the  work  and  replacing  it. 

I  move  that  the  clause  be  eliminated. 

The  President: — If  there  is  no  further  discussion  we  will  consider 
this  paragraph  as  approved  and  we  will  pass  to  the  next  paragraph. 

Prof.  Allen: — In  our  correspondence  objection  to  this  clause  was 
presented.  The  members  of  the  Committee  found  that  it  left  out  one 
feature,  that  the  contractor  was  interested  in  the  insurance,  that  he 
had  an  insurable  interest  in  the  case  of  many  structures,  and  that  he 
ought  to  have  some  protection,  so  that  the  new  reading,  after  a  consid- 
erable investigation,  was  decided  upon. 

Fire  insurance  policies  protecting  more  than  one  person  or  interest 
are  sometimes  a  little  intricate  in  form,  and  it  was  thought  best  to  place 
on  the  contractor  the  burden  of  securing  a  form  sufficient  to  protect  him; 
this  form,  however,  to  be  submitted  to  the  Chief  Engineer  for  his 
approval;  he  could  submit  it  to  the  attorney  for  the  company,  if  neces- 
sary, so  that  the  interests  of  the  company  should  be  protected ;  any  money 
paid  to  the  company  to  be  distributed  by  the  Chief  Engineer  to  the  con- 
tractor and  the  company  as  their  interests  should  appear. 

That  is  the  purpose  of  this  new  reading,  and  it  seems  a  better  pro- 
vision than  the  former  one,  which  did  not  find  favor  with  some  of  our 
correspondents. 

(Prof.  Allen  then  read  paragraph  22  and  said:) 

This  is  in  harmony  with  the  suggestion  that  came  from  one  of  the 
members  in  correspondence,  that  "upon,  to  or  near  the  property  of  the 
company"  seemed  to  be  a  better  protection  to  the  company  than  the 
former  reading  of  this  paragraph. 

The  President: — Any  objection  to  this  addition  as  proposed  in  para- 
graph 22?    If  not,  we  will  consider  that  as  approved. 

Prof.  Allen: — In  the  present  reading  of  33-b,  it  says,  "The  company 
not  being  at  fault."  This  follows  provision  33-a.  (Prof.  Allen  quoted 
33-a)  and  then  this  clause  says,  "if  the  company  is  not  at  fault."  One 
of  the  Chief  Engineers  in  correspondence  with  the  Committee  suggested 
it  would  be  unfortunate  if  it  was  necessary  in  any  case  to  prove  the 
company  was  not  at  fault."  It  seems  very  desirable  to  make  the  open- 
ing words  of  33-b  read  "In  such  case,"  following  33-a.  It  looks  as  if 
there  was  a  little  hole  in  the  old  provision. 

The  President: — Is  there  any  discussion  of  this  proposed  addition 
to  paragraph  33-b?  Not  hearing  any  objection,  we  will  consider  it  as 
approved. 
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Prof.  Allen : — There  is  something  in  connection  with  33-b  which 
should  be  mentioned.  One  of  the  correspondents  called  attention  to  the 
fact  that  in  a  certain  case  where  work  has  been  taken  away  from  the 
contractor  who  was  doing  the  work  by  the  ordinary  process  of  team 
haul,  the  company  having  taken  over  the  work,  for  its  convenience 
used  the  train  haul  method  of  procedure  and  the  contractor  claimed  an 
allowance  for  such  haul  at  the  contract  price  of  so  many  cents  per  foot. 
Proceeding  in  that  way  cost  to  the  company  turned  out  to  be  very  large. 
I  do  not  know  how  many  thousands  or  hundreds  of  thousands  of  dollars 
it  amounted  to  in  one  case,  but  it  was  suggested  to  this  Committee  that 
some  provision  should  be  made  covering  this  point.  _ 

The  Sub-Committee,  therefore,  suggests  the  following  clause  to  be 
added  33-b,  "In  case  of  train  haul  of  material,  unless  otherwise  pro- 
vided in  this  contract,  the  price  for  haul  shall  be  computed  at   

cents  per  cubic  yard  per  mile." 

This  new  paragraph  to  be  added  to  33-b  is  also  to  be  added  to  33-c. 

This  seems  hardly  appropriate  to  the  general  conditions  of  the  uni- 
form contract  form.  At  the  same  time,  the  Committee  having  received 
this  information  from  one  of  its  correspondents,  thought  the  matter  was 
of  sufficient  importance  so  that  it  should  not  be  passed  over  without 
calling  the  attention  of  the  Association  to  the  point.  It  seems  to  me, 
personally,  that  this  applies  more  properly  to  the  specifications  for  road- 
way than  to  the  general  conditions  of  the  uniform  contract  form,  and 
some  of  the  other  members  of  the  Committee  are  quite  of  that  opinion 
also. 

It  is  quite  likely  that  the  fact  that  this  appears  in  the  Bulletin  may 
be  sufficient  to  call  the  attention  of  the  members  to  the  difficulty  and 
danger  of  omitting  some  sort  of  a  provision  until  such  time  as  the 
Committee  on  Roadway,  if  they  see  fit  to  do  so,  shall  incorporate  some 
provision    covering    it    in    their    specifications. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  think  it  is  a  very  proper 
addition  to  be  introduced  here.  I  know  of  a  case  where  the  contractor 
had  a  contract  for  overhaul  on  the  time  basis.  The  material  got  scarce 
and  the  railroad  company  had  an  informal  arrangement  with  the  con- 
tractor and  furnished  the  equipment  on  its  railroad  and  hauled  the  ma- 
terial some  thirteen  miles.  The  contractor  claimed  overhaul  on  the 
material  so  hauled  and  won  the  case. 

Prof.  Allen : — To  bring  this  matter  before  the  convention,  I  move 
that  this  pragraph  be  included  in  the  specifications  for  roadway. 

The  President : — It  has  been  moved  that  instead  of  adding  this 
clause  to  the  general  agreement  that  it  be  added  to  specifications  for  the 
formation  of  the  roadway,  subject  to  the  approval  of  the  Committee  on 
Roadway. 

Mr.  S.  P.  Brown  (Mount  Royal  Tunnel  &  Terminal)  : — I  move 
that  it  be  referred  to  the  Committee  on  Roadway. 
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The  President: — This  is  practically  a  reference  to  that  Committee 
because  it  would  not  be  inserted  without  their  approval.  The  Com- 
mittee accepts  your  suggestion. 

(Prof.   Allen's   motion   was   put  to  vote   and   carried.) 

Mr.  Campbell: — I  wish  to  make  a  motion  before  I  get  through 
and  I  will  be  brief.  I  believe  this  proposed  change  in  the  uniform  con- 
tract is  undesirable  in  the  large  discretionary  powers  that  it  confers 
upon  the  Chief  Engineer  in  setting  up  conditions  affecting  the  contract 
after  the  latter  is  signed.  I  believe  it  is  a  form  that  will  not  be  gen- 
erally acceptable  either  to  the  railroad  company  or  the  contractor.  It 
places  an  unnecessary  responsibility  on  the  Chief  Engineer  and  multi- 
plies opportunities  for  mistakes  of  judgment  which  within  my  observa- 
tion cost  the  railroad  companies  much  money.  The  suggestion  that  the 
matter  be  referred  back  to  the  Committee  is  excellent  because  it  re- 
quires more  careful  study  than  can  ordinarily  be  given  on  the  floor  of 
this  convention.  I  move  that  this  whole  question  of  the  powers  con- 
ferred by  the  contract  upon  the  Chief  Engineer  be  referred  back  to  the 
Committee  for  further  consideration. 

The  President: — The  motion  not  being  seconded,  we  will  therefore 
proceed  to  the  next  order  of  business,  and  that  is  the  form  of  agree- 
ment that  has  been  submitted  for  an  industry  track.  We  understand  this 
is  submitted  for  the  purpose  of  discussion.  It  is  not  recommended  for 
adoption,  but  is  read  for  criticisms  and  suggestions.  The  Committee 
deemed  it  proper  to  put  its  recommendations  in  concrete  form. 

Mr.  Lee :— In  order  to  call  the  attention  of  the  members  to  this 
particular  subject,  I  will  read  the  agreement  as  printed. 

Your  Committee  feels  that  the  practice  of  the  various  railroads  is 
bound  to  differ  widely.  The  Committee  feels  that  it  cannot  hope  ;o 
provide  a  form,  which  will  be  more  than  suggestive ;  and  therefore  we 
offer  a  resolution  that  the  reading  of  the  form,  as  submitted,  be  omitted 
and  that  any  members  of  the  Association  who  have  suggestions  or  criti- 
cisms reduce  these  to  writing  and  submit  them  to  the  Committee  for 
further    consideration. 

The  President : — The  Committee  has  submitted  this  to  you  as  a 
matter  of  information.  The  Committee  wishes  your  criticisms  and 
would  like  to  have  them  submitted  in  writing.  Between  now  and  the 
time  of  the  next  convention  they  will  review  these  criticisms,  and  in 
view  of  any  such  criticisms  will  revise  this  form  of  agreement  and  bring 
it  before  you  at  the  next  convention.  Are  you  satisfied  to  pursue  that 
course,  or  do  you  wish  to  discuss  it  now? 

Mr.  L.  C.  Fritch  (Canadian  Northern)  : — I  would  like  to  suggest 
that  in  the  future  work  of  this  Committee  they  formulate  a  standard 
lease  agreement  for  industrial  sidings.  I  understand  there  has  been  no 
such  form  of  agreement  prepared. 

The  President: — Mr.  Fritch's  suggestion  will  be  referred  to  the 
Committee  on  Outline  of  Work  for  its  information.  The  Committee  is 
excused  with  the  thanks  of  the  Association. 
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(For  Report,   see   pp.    309,    310.) 

LIST  OF   SPEAKERS  TAKING   PART  IN  DISCUSSION   OX    STRESSES  IN   RAILROAD 

TRACK. 

A.  X.  Talbot. 

The  President : — The  next  business  will  be  the  report  of  the  Special 
Committee  on  Stresses  in  Railroad  Track.  The  Chair  deems  the  work 
being  done  by  this  Committee  as  one  of  the  most  interesting  items  of  work 
being  done  by  this  Association.  I  think  the  results  of  this  Committee 
are  going  to  inure  in  the  future  very  much  to  the  benefit  of  this  Associa- 
tion, and  have  something  to  do  with  placing  it  in  a  higher  position  with 
reference  to  the  railway  world.  Prof.  Talbot,  the  Chairman  of  the  Com- 
mittee, has  been  intensely  interested  in  this  work,  and  he  has  with  him  a 
corps  of  assistants  who  are  also  largely  interested  in  the  subject,  and 
they  have  all  performed  their  full  share  of  the  work,  and  I  am  quite  sure 
that  the  final  results  are  going  to  be  exceedingly  valuable.  Prof.  Talbot 
will  present  a  summary  of  the  work  of  the  Committee. 

Prof.  A.  N.  Talbot  (University  of  Illinois)  : — The  Committee  is 
making  a  progress  report.     It  will  be  found  in  Bulletin  182,  page  309. 

The  work  of  the  Committee,  during  the  last  year,  aside  from  the 
development  of  methods  and  instruments  was  naturally  devoted  rather 
largely  to  stresses  in  the  rail.  It  may  be  stated  here  that  it  was  found, 
as  has  been  pointed  out  by  Dr.  Dudley,  that  the  wheel  spacing  of  the 
locomotive  drivers  has  a  large  effect  upon  the  stress  developed  in  the 
rail,  the  greater  the  wheel  spacing  the  greater  the  stress  developed  for 
the  same  weight  on  driver.  In  fact,  in  the  case  of  the  two  types  of 
locomotives  with  which  we  have  been  experimenting,  the  amount  of  the 
stress  developed  is  almost  proportional  to  the  wheel  spacing.  As  would 
naturally  be  expected,  the  effect  of  the  trailer  is  very  much  more  per 
pound  of  load  upon  it  than  for  the  drivers  which  are  spaced  more 
closely.  This,  it  seems,  is  a  rather  important  matter,  and  it  is  quite 
possible  that  it  will  lead  to  more  care  being  taken  in  the  way  the  loads 
are   distributed   along   the   length   of   the   locomotive. 

It  has  been  found,  too,  that  the  heavier  weight  of  rail  develops 
a  higher  bending  moment  in  the  rail  per  pound  of  load  applied  than  the 
lighter  weights  of  rail;  in  other  words,  the  125-lb.  rail,  which  has  a 
section  modulus  (moment  of  inertia  over  distance  to  remotest  fiber) 
about  twice  the  section  modulus  of  an  85Tb.  rail,  instead  of  giving  50 
per  cent,  as  much  stress  under  a  given  wheel  load,  gives  something  like 
70  per  cent,  as  much  stress. 

I  think  many  have  had  in  mind  that  the  rail  should  be  considered 
as  a  girder  running  from  one  tie  to   the  next  tie.  and   that   all   we  have 
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to  do  is  to  use  the  ordinary  formula  for  a  load  half  way  between  these 
two  supports,  with  perhaps  some  reduction  on  account  of  the  negative 
moment  which  would  come  at  the  tie.  If  you  will  stop  to  think,  however, 
the  loads  are  really  the  tie  pressures  upward,  pressures  against  the  rail, 
the  wheels  are  the  reactions,  and  the  stiffer  the  rail  the  further  and 
the  greater  are  the  tie  reactions  away  from  the  wheel.  The  stiffer  rail 
then  puts  the  loads  further  away  from  the  support,  producing  a  higher 
bending  moment. 

It  has  been  found,  even  on  straight  track,  that  the  stresses  on  the 
outside  of  the  base  of  the  rail  are  higher  than  on  the  inside  of  the 
base  of  the  rail,  the  results  being  for  an  average  of  runs  rather  than 
for  anything  which  can  be  attributed  to  the  counterweight,  or  to  an 
unusual  condition  in  the  way  the  engine  happens  to  strike  the  rail.  It 
has  not  yet  been  determined  what  the  cause  of  this  excess  is.  That,  of 
course,  is  one  of  the  problems  before  the  Committee. 

On  the  matter  of  distribution  of  pressures  along  the  length  of  the 
tie,  less  has  been  found.  It  is  seemingly  a  troublesome  problem.  We 
have  been  able,  I  think,  to  get  fairly  well  the  division  of  the  load  among 
the  ties,  the  tie  reactions,  sufficiently  closely  to  tell  how  much  load  goes 
upon  the  ballast  from  a  single  tie,  though  probably  not  closely  enough 
to  be  useful  in  calculating  the  stresses  in  the  rail  for  a  new  wheel  spacing 
and  for  a  different  arrangement  of  loads. 

As  to  the  matter  of  distribution  of  pressure  down  through  the  ballast 
and  roadbed,  measurements  have  been  made  of  the  depression  of  the 
roadbed  below  the  ballast,  across  the  roadbed  and  longitudinally.  A 
start  has  been  made  to  determine  something  about  the  way  the  load  is  dis- 
tributed. The  matter  of  the  distribution  through  the  ballast  is  an  exceed- 
ingly difficult  one.  We  have  placed  a  number  of  instruments  at  the 
bottom  of  the  ballast  and  in  the  ballast  in  an  effort  to  obtain  an  indi- 
cation of  what  the  pressure  is  at  various  places.  The  pressure  capsule, 
which  is  calibrated,  determines  the  amount  of  that  pressure  per  square 
inch  at  a  given  point,  and  we  think  considerable  information  has  been 
found,  but  so  much  is  dependent  upon  the  laws  governing  the  distribu- 
tion of  pressure  down  through  the  ballast  below  the  tie  that  we  have 
felt  it  best  to  make  some  laboratory  tests  on  sand  and  broken  stone 
ballast  to  learn  something  of  the  way  in  which  the  load  is  distributed 
below  and  along  the  ties.  After  this  work  is  done  we  plan  to  make 
further  measurements  under  the  track,  making  use  of  the  data  of  the 
laboratory  tests  for  planning  this  work,  and  also  for  giving  information 
to  aid  in  interpreting  the  results  found  in  the  track. 

I  am  giving  these  items  at  random,  because  I  think  you  may  be 
interested  in  some  of  the  results.  I  said  that  we  should  not  think  of  the 
rail  as  being  merely  a  girder,  from  tie  to  tie ;  in  fact,  it  has  been  found 
that  the  bending  moment  developed  in  the  rail  over  a  tie  when  the 
wheel  is  directly  over  this  tie,  in  good  track,  is,  say,  about  75  or  80 
per  cent,  of  what  it  is  at  a  point  half  way  between  ties  when  the  wheel 
is   directly   above   that   point.     There   is,   of   course,    a    negative   bending 
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moment  at  points  between  wheels.  This  amounts  to  something  like  30 
per  cent.,  say,  of  the  value  of  the  positive  moment  which  occurs  directly 
under   the    wheel. 

Some  tests  have  been  made  to  determine  the  effect  of  poorly  spaced 
ties,  and  of  ties  in  bad  condition,  and,  as  would  be  expected,  the  stress 
in  the  rail  is  increased,  though  not  to  the  amount  that  would  be  expected 
under  the  idea  of  a  girder  from  tie  to  tie.  In  fact,  if  you  will  stop 
to  think,  if  the  action  of  a  beam  resting  on  adjacent  tie  supports  were 
to  govern  the  stress  in  the  rail  and  one  tie  were  to  be  poorly  tamped 
or  were  left  out  for  any  reason,  the  increase  in  the  stress  in  the  rail 
would  be  away  beyond  what  the  rail  could  be  expected  to  resist. 

It  is  hoped  in  the  coming  season  to  go  on  with  this  work  and  also 
to  make  a  start  on  finding  the  pressure  of  the  wheels  against  the  rail 
on  curves  and  the  stresses  on  curves,  as  well  as  to  do  some  work  on 
the  effect  of  the  locomotive  counterbalance  and  other  matters  of  that 
kind.  If  any  of  the  members  of  the  Association  are  especially  inter- 
ested, we  have  samples  of  the  instruments  here,  and  also  photographs 
of  the  work  which  we  shall  be  glad  to  show  to  you. 

My  attention  is  called  to  the  fact  that  nothing  has  been  said  about 
the  effect  of  speed.  The  effect  of  speed  is  somewhat  variable  and  some- 
times is  different  for  different  drivers,  and  it  may  differ  considerably 
in  different  locomotives  of  the  same  class,  the  locomotives  not  being 
exactly  in  the  same  condition,  but  in  general  the  additional  stress  in  the 
rail  may  be  said  to  be,  say,  three-quarters  of  one  per  cent,  for  each 
mile  per  hour  increase  in  speed  over  five  miles  per  hour.  These  values 
may  be  exceeded  in  individual  runs.  One  of  the  matters  we  have  be- 
fore us  is  to  determine  the  probable  maximum  for  an  individual  run.  The 
average  value  just  stated  means  about  45  per  cent,  additional  stress  at 
65  miles  an  hour  over  what  it  would  be  at  5  miles  an  hour  for  the  Atlan- 
tic type  of  locomotive. 

The  President : — I  might  say  that  it  is  through  the  courtesy  and 
liberality  of  the  American  Society  of  Civil  Engineers  and  the  United 
States  Steel  Corporation  that  we  are  able  to  make  this  investigation  and 
report  these  results  to  you.  They  have  furnished  the  funds  which  make 
it  possible  for  us  to  carry  on  this  investigation. 

The  Committee  is  excused,  with  the  thanks  of  the  Association,  for 
their  work  during  the  past  year. 
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The  President : — The  next  order  of  business  is  the  report  of  Com- 
mittee XII,  on  Rules  and  Organization.  The  principal  subject  of  this  re- 
port is  Clearances.  The  Chairman,  Mr.  G.  D.  Brooke,  will  present  the 
report. 

Mr.  G.  D.  Brooke  (Baltimore  &  Ohio  Southwestern)  : — The  report  of 
this  Committee  will  be  found  in  Bulletin  184.  The  report  is,  to  a  certain 
extent,  in  two  parts.  The  first  is  taken  up  principally  with  a  few  revisions 
of  the  Manual.  I  think  that  they  had  best  be  considered  first.  If  there  is 
no  objection,  I  will  read  these  revisions,  and  if  there  be  no  objections  from 
the  floor,  they  be  considered  accepted. 

The  first  change  is  in  Rule  17,  applying  to  Signal  Supervisors.  It 
is  recommended  that  this  rule  be  omitted.  (Reading  same.)  The  idea 
is  that  this  work  is  a  part  of  the  duties  of  the  track  forces  rather  than 
of  the  signal  maintainers.  In  the  Supplement  to  the  Manual  of  1912, 
change  Rule  22  as  follows.  The  present  rule  reads :  "In  making  tem- 
porary connections  in  main  tracks  an  old  rail  shall  be  cut  and  fastened 
to  the  new  rail,  using  compromise  joints  where  necessary."  The  proposed 
rule  reads :  "In  making  temporary  connections  in  main  tracks  a  new  rail 
shall  be  cut  and  fastened  to  the  old  rail,  using  compromise  joints  where 
necessary,"  the  idea  being  to  prevent  damage  to  the  new  rail  at  the 
several  places  where  the  laying  was  stopped,  in  case  there  is  an  uneven 
joint  between  old  and  new  rail.  By  using  a  short  new  rail,  the  end  of 
the  short  piece  will  be  damaged  and  the  new  rail  left  in  the  track  will 
be  in  good  shape. 

The  President: — If  tbere  is  no  objection  this  cbange  will  be  accepted 
by  the  Association. 
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Mr.  Brooke: — In  Supplement  to  Manual  of  1912,  under  Frogs  and 
Switches,  substitute  the  word  "turnouts"  in  Rule  34  for  the  word 
"switches,"  and  in  Rule  33  for  the  words  "switches  and  frogs." 
The  Rule  will  then  take  this  form :  "32.  Turnouts  must  be 
placed  in  accordance  w:ith  the  standard  plans  and  as  located  by  the 
engineer."  "33.  Turnouts  must  be  kept  well-lined  and  in  good  order. 
Particular  care  must  be  taken  to  maintain  good  surface  through  turn- 
outs." "34.  Turnouts  must  be  inspected  frequently  to  see  that  they  are 
in  working  order  and  that  all  nuts,  bolts  and  other  fastenings  are  in  place 
and  properly  tightened.  Broken  or  damaged  parts  must  be  renewed 
promptly."  The  idea  being  that  it  is  not  simply  the  frog  and  switch  that 
need  inspection  but  the  entire  turnout. 

The  President: — If  there  is  no  objection,  the  changes  will  be  con- 
sidered approved  by  the  Association. 

Mr.  Brooke : — The  next  is,  omit  the  last  sentence  of  Rule  39  under 
"Guard  Rails,"  which  follows :  "The  tops  of  the  guard  rails  must  be 
level  with  the  tops  of  the  main  rails  and  must  be  securely  held  in  place." 
The  wording  of  that  is  somewhat  ambiguous,  as  the  real  meaning  of  the 
sentence  as  written  is  that  the  tops  of  the  guard  rails  must  be  held  in 
place,  so  the  Committee  offers  the  rule  in  this  form :  "Frogs  must  be 
protected  by  guard  rails,  constructed  and  placed  in  accordance  with  the 
standard  plans." 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — I  object  to  the  word 
"standard." 

Mr.  Brooke : — The  words  "standard  plans"  have  been  used  in  these 
rules  as  printed  in  the  Manual,  so  I  do  not  see  any  objection  to  using  them 
in  this  place. 

To  the  General  Notice  of  the  Rules  Governing  Construction  Depart- 
ment Employes,  Supplement  to  Manual  of  1914,  add  the  following  rule, 
which  has  been  adopted  for  the  maintenance  of  way  employes :  "The  use 
of  intoxicants  by  employes  while  on  duty  is  prohibited.  Their  use,  or 
the  frequenting  of  places  where  they  are  sold,  is  sufficient  cause  for  dis- 
missal." That  is  the  American  Railway  Association  rule.  It  was  through 
an  omission  left  out  of  the  notice  heretofore. 

Under  "Organization,"  in  the  same  Supplement,  after  "Resident 
Engineer,"  add  "(or  title)."  That  is  simply  for  uniformity.  That  con- 
cludes the  report.  The  subject  of  Clearances  of  Maintenance  of  Way 
Structures  will  be  taken  up  later.  Progress  only  is  reported  under  the 
other  subjects  assigned  to  the  Committee. 

The  President : — We  will  now  proceed  with  the  report  of  the  Com- 
mittee on  the  matter  of  Clearances. 

Mr.  Brooke : — This  matter  of  clearances  of  various  structures  was 
assigned  to  this  Committee  in  December,  1914.  The  Committee  held  sev- 
eral meetings  and  it  became  apparent  in  April,  1915,  that  it  would  be 
necessary  to  have  a  report  by  October.  The  Committee  realized  that  it 
would  have  been  very  desirable  to  collect  some  additional  data,  and  that 
it   did   not   have   at   that   time   sufficient   opportunity   to   collect   that   data. 
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Nevertheless  the  Committee  had  been  supplied  with  some  admirable 
material  with  which  to  work  by  the  Committee  on  Maintenance  of  the 
American  Railway  Association,  and  that  material  has  been  made  use  of 
largely  in  connection  with  this  report.  I  think  it  only  fair  to  say  that 
the  report  is  not  signed  by  three  members  of  the  Committee.  Those 
members  concur  in  the  report  except  as  to  the  recommendations  on  the 
standard  bridge  clearance  diagram  and  the  general  clearance  dia- 
gram, but  they  could  not  bring  their  views  on  those  two  clearances 
to  coincide  with  those  of  the  remainder  of  the  Committee.  The  con- 
clusions are  found  on  page  431  of  Bulletin  184.  I  would  suggest 
that  these  conclusions  be  read  and  that  then  the  recommendations  be 
taken  up  in  order.  I  was  agreeably  surprised  on  my  arrival  this 
morning  at  being  informed  that  we  would  have  some  lantern  slides 
in  connection  with  these  recommendations;  so  that  all  the  mem- 
bers present  can  get  a  visual  idea  of  what  is  intended,  and  therefore 
a  much  clearer  understanding. 

(A   stereopticon  view  was  then  shown  upon  a  screen.) 

Mr.  G.  W.  Kittredge  (New  York  Central)  : — The  chairman  has  sug- 
gested that  the  conclusions  be  read.  This  Committee's  report  is  a  very 
important  one,  and  it  seems  to  me  that  the  body  of  the  report  should 
be  very  carefully  discussed  first,  and  then  the  conclusions  discussed  after- 
wards.    It  may  save  time. 

(Mr.  A.  J.  Himes,  member  of  the  Committee,  then  proceeded  to  dis- 
cuss the  slides  thrown  upon  the  screen.) 

Mr.  Kittredge : — I  would  like  to  ask  how  these  distances  compare 
with  the  distances  that  have  been  recommended  by  this  Association's  Com- 
mittee on  Electricity.  I  cannot  carry  all  these  distances  in  my  mind.  I 
know  that  your  Committee  on  Electricity  has  spent  a  great  deal  of  time 
and  effort  in  getting  desirable  and  proper  clearances  near  the  levels  of 
tracks  and  third  rail. 

Mr.  Kittredge : — Are  the  clearance  lines  of  the  Electricity  Committee 
closer  to  the  track? 

Mr.  Brooke : — I  understand  these  are  further  out. 

Mr.  Kittredge : — Then  what  is  the  necessity  for  having  two  distances- 
Mr.  Brooke : — They  are  further  out  or  the  same. 

Mr.  Kittredge  :— The  question  that  arises  in  my  mind  is  why  should 
we  show  two  distances  from  the  center  of  the  track  to  three  inches  above 
the  top  of  the  rail?  There  would  be  confusion.  Some  person  might  get 
hold  of  the  wrong  plan  and  injury  would  result  from  its  use. 

Mr.  Himes: — If  in  getting  hold  of  the  wrong  plan — I  do  not  see  how 
any  harm  would  result. 

Mr.  Kittredge: — What  I  refer  to  is  getting  hold  of  the  plan  that  is 
nearer. 

Mr.  Brooke  : — In  that  case  it  would  be  the  third  rail  plan,  would  it 
not? 

Mr.  Lindsay: — The  railway  postoffice  regulations  of  the  United  States 
Government  prescribe  the  distance   from  the  center  of  the  track  to  the 
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point  of  suspension  of  the  mail  sack,  and  it  would  not  be  possible  to 
have  six-feet  clearance  and  support  the  mail  sack  at  the  proper  points. 
I  think  that  diagram  is  in  error.  I  understand  the  Committee,  that 
when  the  arm  drops,  there  shall  be  the  clearance. 

The  President : — I  wonder  if  Mr.  Lindsay  does  not  make  a  mistake 
when  he  says  the  Government  has  prescribed  that  distance.  That  is  news 
to  me,  and  I  think  it  is  news  to  other  people  here.  On  the  Pennsylvania 
System  that  dimension  has  not  been  prescribed  by  the  Government,  but 
has  been  prescribed  by  ourselves. 

Mr.  W.  A.  Christian  (Interstate  Commerce  Commission)  : — I  do  not 
believe  6  feet  sufficient  clearance  from  center  of  track,  when  mail  bag  is 
hung  as  shown  in  the  diagram. 

Often  a  freight  train  runs  on  schedule  time  ahead  of  a  mail  train, 
and  cases  are  on  record  where  freight  engine  crews  have  accidentally 
been  hurt  or  killed  by  striking  mail  bags  placed  too  near  the  track  of 
roads  operating  Mallet  and  Mikado  engines  having  an  extreme  lateral 
cab  measurement  of  11  feet,  and  for  this  reason  the  clearance  should 
be  more  than  6  feet  from  center  of  track. 

Mr.  Brooke : — There  are  roads  which  have  narrow  cabs  and  narrow 
coaches  and  mail  cars.  It  would  be  difficult  for  those  roads  to  have  mail 
cars  that  would  pick  up  a  sack  placed  at  a  greater  distance.  While  the 
Committee  realized  that  the  6  feet  seemed  to  be  quite  close — a  close 
clearance,  under  present  practice — it  also  realized  that  it  is  pretty  difficult 
to  design  a  catcher  and  a  crane  of  the  type  now  generally  used,  which,  if 
applied  to  the  narrow  equipment  would  successfully  catch  the  sacks  placed 
at  a  greater  distance.  If  the  road  has  wide  equipment  and  wide  engines, 
it  is  at  perfect  liberty  to  place  the  crane  farther  away  so  as  to  give 
greater  clearance.  These  are  minimum  clearances  in  each  case,  and  it  is 
the  view  of  the  Committee  that  only  minimum  clearances  should  be  recom- 
mended.   All  of  these  clearances  apply  to  new  construction. 

Mr.  W.  C.  Cushing  (Pennsylvania  Lines)  : — The  clearances  shown 
violate  the  state  law  of  Ohio.  The  law  of  Ohio  is  that  the  clearance  from 
the  side  of  the  cab  to  the  nearest  part  of  a  mail  crane  shall  be  not  less 
than  18  inches,  so  that,  taking  5  feet  as  the  minimum  half  width  of  the 
cab,  the  clearance  distance  from  the  track  center  shall  be  at  least  6 
feet  6  inches. 

Mr.  Brooke : — As  I  say,  that  is  the  minimum  clearance.  In  Ohio  it 
would  be  necessary  to  make  that  greater.  The  Committee  had  in  view 
that  in  some  cases  that  clearance  would  be  unnecessary,  and  there  are  a 
great  many  roads  where  the  6  feet  clearance  to  the  nearest  point  of  the 
sack  seems  to  be  in  general  use. 

Mr.  Christian : — Would  the  minimum  clearance  be  on  the  side  of 
safety  ? 

Mr.  G.  A.  Mountain  (Canadian  Railway  Commission)  : — The  regula- 
tion of  the  Canadian  Board  is  7  ft.  If4  in.  to  the  center  of  the  track.  That 
was  adopted  in  conference  with  the  Canadian  Board,  and  I  think  it  would 
work  out  satisfactorily. 
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The  President : — Is  that  to  the  end  of  the  pointer  or  to  the  side  of 
the  mail  sack? 

Mr.  Mountain : — I  have  given  you  that  information  as  I  can.  I  haven't 
the  documents  with  me.  My  idea  is  that  it  is  from  the  end — whatever  it  is 
that  sticks  out.  We  have  regulations  for  all  of  those  clearances.  We 
do  not  deal  with  anything  below  4  feet.  Above  that  we  require  6  feet  from 
the  gage  side  to  the  nearest  rail.  On  high  and  intermediate  switchstands 
we  require  6  feet  from  the  gage  side.  We  have  a  regulation  establishing 
2  ft.  6  in.  from  the  side  of  the  cab  to  the  nearest  point.  That  has  worked 
very  satisfactorily  and  has  been  in  operation  since  1910. 

The  General  Order  of  the  Board  of  Railway  Commissioners  for 
Canada  is  as  follows : 

"It  is  orderedthat  every  railway  company  subject  to  the  legislative 
authority  of  the  Parliament  of  Canada,  operating  a  railway  by  steam 
power,  using  mail  cranes,  be,  and  it  is  hereby,  forbidden  to  erect,  place 
or  maintain,  on  or  after  the  first  day  of  January  next,  any  mail  crane 
along  its  line  of  railway,  at  a  distance  less  than  seven  (7)  feet  one  and 
three  quarter  (1^4)  inches  from  the  center  of  the  track  to  the  extreme 
point  of  the  arm  of  the  crane  when  in  position,  or  at  a  height  less  than 
ten  (10)  feet  ten  (10)  inches  from  the  bottom  of  the  rail  to  the  top  of 
the  arm  when  in  position. 

Mr.  Kittredge : — Mr.  Himes  has  stated  that  this  does  not  encroach 
upon  the  clearance  diagram  as  recommended  by  the  Committee  on  Elec- 
tricity. The  point  that  I  want  to  make  is  that  there  shall  not  be  clearance 
lines  of  two  committees  that  are  not  coincident.  They  ought  to  be  coin- 
cident. There  ought  to  be  only  one  clearance  diagram  recommended  by 
this  Association,  and  where  two  are  now  shown,  or  different  reports,  one 
or  the  other  should  be  eliminated. 

Mr.  Cushing : — I  am  in  full  accord  with  these  views. 
Mr.  W.  M.  Camp  (Railway  Review)  : — T  think  the  point  raised  by 
Mr.  Kittredge  ought  to  be  cleared  up  a  little.  As  I  understand  it,  the 
clearance  diagram  brought  out  by  the  Committee  on  Electricity  took  ac- 
count not  only  of  the  position  of  the  third  rail,  but  of  all  equipment 
which  might  possibly  be  run  over  that  piece  of  track.  Is  that  right? 
Mr.  Kittredge  : — Yes,  sir. 

Mr.  Camp : — Such  being  the  case,  that  clearance  diagram  provides  for 
any  kind  of  equipment  operated  on  a  steam  railroad  or  an  electric  railroad. 
Mr.  W.  H.  Courtenay  (Louisville  &  Nashville)  :— I  would  say  it  would 
be  unwise  to  make  the  clearance  16  feet. 

Mr.  Himes: — (After  technical  explanation  of  the  view,  referring  to 
screen.)  To-day  we  are  obliged  to  come  forward  with  a  recommenda- 
tion for  a  clearance  and  this  Committee  has  recommended  16  feet.  A 
year  ago,  when  the  vote  was  taken,  a  number  of  gentlemen  said  they 
voted  against  fifteen  feet  because  they  wanted  it  sixteen.  The  Associa- 
tion has  a  variety  of  proposals  from  which  to  choose,  and  I  think  the 
Committee  has  done  its  work.  That  work  now  is  before  the 
Association. 
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Mr.  Kittredge  : — In  regard  to  the  slide  just  shown,  I  was  wondering 
why  the  Committee  recommended  one  clearance  line  for  a  single-track  tun- 
nel and  another  line  for  a  double-track  tunnel.  According  to  the  slide 
the  clearance  line  for  the  double-track  tunnel  would  not  be  safe  for  a  man 
standing  on  the  edge  of  the  car. 

Mr.  Brooke: — The  last  slide  was  not  intended  entirely  as  a  recom- 
mendation. These  tunnel  lines  are  the  tunnel  sections  which  have  already 
been  adopted  by  the  Association,  and  that  last  slide  was  intended  to  show 
the  relationship  of  this  proposed  clearance  diagram  to  these  tunnel  lines.  In 
the  Bulletin  the  diagram  is  entitled,  "Proposed  Standard  Clearances." 
That  is  misleading.  It  probably  would  be  better  to  read  "Study  of 
Proposed  Standard  Clearance  Diagrams." 

Mr.  Camp : — Referring  to  the  diagram  which  Mr.  Kittredge  spoke 
about,  the  diagram  of  clearances  presented  by  the  Committee  on  Elec- 
tricity, that  is  a  safe  diagram  for  any  steam  railroad.  Now  do  I  under- 
stand that  this  Committee  has  gotten  up  another  diagram  which  at  all 
points  comes  outside  of  the  diagram  of  the  Committee  on  Electricity,  in 
order  to  be  on  the  safe  side,  and  made  somewhat  arbitrarily  in  order  to 
sort  of  smooth  the  old  diagram  and  take  out  the  bonds  and  angles  in  it? 

Mr.  Brooke : — This  is  the  only  diagram  that  this  Committee  has 
recommended  and  this  diagram  does  not  infringe  upon  the  clearance  dia- 
gram of  the  Committee  on  Electricity.  There  may  be  some  cases  in 
which  the  diagram  of  the  Committee  on  Electricity  is  inside  of  this  dia- 
gram, but  I  think  that  would  properly  come  under  or  is  provided  for  by 
the  exception  which  is  noted  on  page  433.  The  Committee  clearly  recom- 
mends that  there  are  a  number  of  special  cases  where  any  recommended 
clearances  would  have  to  be  departed  from.  There  are  many  conditions, 
such  as  grade  separation  work  and  the  construction  of  tunnels  in  certain 
materials,  where  it  would  be  practically  out  of  the  question  to  conform 
to  this  clearance  diagram  and  it  was  not  the  idea  of  the  Committee  to 
provide  for  them  under  the  exceptions  on  page  433.  Possibly  it  might 
have  been  well  to  have  mentioned  third-rail  construction  work  in  elec- 
tric zones  under  those  exceptions.  ' 

The  President : — Mr.  Kittredge  now  has  in  his  hands  the  clearance 
diagram  of  the  Committee  on  Electricity.  I  think  it  would  be  well  for 
him  to  say  what  is  covered. 

Mr.  Kittredge :— The  clearance  diagram  recommended  by  the  Com- 
mittee on  Electricity  has  been  accepted  by  this  Association  and  inserted  in 
the  Manual,  and  has  been  adopted  by  the  American  Railway  Association. 

The  President : — I  will  ask  you  a  question,  to  get  down  to  the  point. 
I  have  added  up  these  figures,  and  it  is  five  feet  six  inches  from  the 
center  of  the  track  to  that  line.  Are  you  building  structures  five  feet  six 
from  the  center  of  the  track?  Ts  that  what  you  recommend  in  that 
diagram? 

Mr.  Kittredge : — In  certain  locations,  yes.   sir. 

The  President: — Five  feet  six. 

Mr.   Kittredge  :— Yes,   sir. 
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The  President: — What  for  locations  out  on  the  main  line? 

Mr.  Kittredge : — In  certain  special  locations  where  they  would  fill 
the  requirement  of  the  location. 

The  President : — That  would  not  be  a  place  where  you  are  running 
main  line  through  trains? 

Mr.  Kittredge : — No,  sir.  We  have  found  in  New  York  that  it  is 
very  essential  that  we  should  have  the  benefit  of  every  inch  of  space  that 
can  be  gotten,  and  that  is  the  justification  for  this  irregular  broken  line. 
There  are  other  things  besides  through  bridges  to  be  designed.  There 
are  third  rails.  Space  has  got  to  be  reserved  for  automatic  stop  signals 
and  every  bit  of  space  that  is  shown  on  the  diagram  of  clearances  as 
recommended  by  the  Committee  on  Electricity  has  been  found  necessary, 
and  therefore  any  change  from  that  should  be  adopted  only  after  most 
careful  consideration  of  all  conditions  affected. 

The  President: — How  do  you  arrive  at  your  other  clearances?  Have 
you  any  clearance  diagram  that  you  work  to? 

Mr.  Kittredge : — Yes,  sir.  Our  clearance  diagram  throughout  the 
work  in  the  New  York  Central  Terminal  is  6  ft.  3  in.  from  the  center  of 
the  track,  corrected  for  curvature  and  superelevation. 

The  President : — It  seems  to  me  that  these  clearance  diagrams  are  for 
two  separate  and  distinct  purposes,  and  we  ought  to  understand  what  we 
are  doing. 

Mr.  Kittredge : — This  clearance  diagram,  as  gotten  up  by  the  Com- 
mittee on  Electricity,  indicates,  besides  the  diagram  for  structures,  a 
clearance  diagram  for  equipment. 

The  President: — It  does  not  suggest  anything  for  bridges,  does  it? 

Mr.  Kittredge : — We  have  made  a  great  many  bridges  in  connection 
with  this  diagram.  We  have  a  great  many  bridge  structures ;  in  fact,  all 
of  our  upper  track  in  the  Grand  Central  Terminal  is  carried  on  a  floor 
designed  in  accordance  with  bridge  construction.  We  have  columns, 
plates,  gussets  and  all  sorts  of  things  designed  in  accordance  with  this 
clearance  diagram. 

Mr.  Brooke : — Is  it  not  a  fact  that  this  clearance  diagram  for  electri- 
fied territory  is  but  meeting  special  conditions?  If  a  road  is  to  electrify 
outside  of  a  big  city  like  New  York,  out  in  the  mountains,  or  on  the 
plains,  it  probably  would  not  conform  to  that  clearance  diagram  at  all. 
So  this  is  entirely  for  special  conditions  in  congested  territory.  I  think  it 
is  entirely  proper  to  provide  for  that  by  an  exception  to  the  general 
recommendations  and,  if  necessary,  such  an  exception  can  be  placed  in 
the  form  of  a  note  on  the  general  clearance  diagram,  but  we  should  not 
take  the  clearance  diagram  of  the  Committee  on  Electricity  and  apply  that 
an  outside  territory  away  from  cities  where  we  have  plenty  of  room. 
That  is  the  point  of  the  Committee.  Of  course,  the  Committee  recognizes 
that  in  New  York  and  other  large  cities  some  such  clearance  diagram  as 
this  is  necessary,  and  it  was  not  its  intention  to  present  this  diagram  to 
be  used  in  those  districts. 
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Mr.  Camp : — As  I  understand  it,  the  diagram  will  provide  safe 
clearance  anywhere.     Am  I  right  about  that? 

The  President : — I  am  afraid  not. 

Mr.  Camp : — That  is  to  say,  it  will  protect  the  equipment,  but  this  Com- 
mittee is  getting  at  a  clearance  diagram  which  will  protect  a  man  hanging 
on  the  side  of  a  car. 

The  President : — Yes,  sir. 

Mr.  Camp : — It  seems  to  me  there  might  be  a  demand  for  a  two- 
purpose  diagram,  one  which  will  prevent  the  equipment  from  hitting 
anything  at  the  side  of  the  track,  and  the  other  to  protect  the  life  of  a 
man  on  the  side  of  a  car. 

Mr.  Himes : — The  diagram  proposed  by  the  Committee  on  Elec- 
tricity is  exceedingly  irregular,  and  for  a  person  who  is  engaged  in  the 
design  of  ordinary  structures  for  which  the  clearance  diagram  is  needed 
and  useful,  it  would  be  regarded  as  a  waste  of  time  to  follow  such  a 
diagram.  It  has  been  the  thought  of  Committee  XV  and  this  Committee 
that  if  a  more  regular  diagram  were  selected  which  afforded  in  every 
respect  a  clearance  as  great  as  that  provided  by  the  Committee  on  Elec- 
tricity, the  work  of  designing  would  be  facilitated. 

Mr.  Kittredge : — I  have  heard  the  argument,  but  still  I  think  it  is  with- 
out force.  There  are  structures  to  be  designed,  many  of  them,  where  the 
clearance  diagram,  as  reported  by  the  Committee  on  Electricity,  is  abso- 
lutely essential,  and  I  still  believe  it  would  be  unwise  for  this  Association 
to  recommend  and  spread  broadcast  two  clearance  lines  when  only  one 
is  necessary. 

Mr.  Cushing : — I  am  entirely  in  sympathy  with  Mr.  Kittredge's  posi- 
tion in  this  matter.  I  object  to  looking  in  two  places  for  a  clearance 
diagram.  I  think  it  is  entirely  proper  to  have  only  one  clearance  dia- 
gram, and  I  think  we  should  let  that  clearance  diagram  state  the  clear- 
ances that  must  be  provided  for  the  different  objects,  and  not  have  two 
separate  diagrams  to  think  of,  when  one  is  designing  structures.  I  believe 
that  this  Committee  ought  to  embody  the  work  of  the  Electricity  Com- 
mittee with  is  own  and  present  one  diagram  to  the  Association  for  that 
purpose. 

Mr.  Kittredge : — The  statement,  made  by  the  Chairman  of  this  Com- 
mittee, that  the  clearance  submitted  by  the  Committee  on  Elecrticity  would 
be  applicable  to  a  particular  place  like  New  York,  should  hardly  go  un- 
challenged. That  diagram  was  made  up  from  the  information  received 
from  65  different  roads,  as  shown  on  pages  928,  929,  930  and  931  of  the 
Bulletin.  Those  roads  are  scattered  all  over  the  country,  North,  South, 
East  and  West,  and  are  not  in  any  one  particular  locality. 

The  President: — I  notice,  on  page  422,  of  the  Bulletin,  that  the  New 
York  Central  says  it  has  5,032  miles,  and  inside  clearance  7  ft.  6  in.  from 
the  center  of  the  track.    What  does  that  mean? 

Mr.  Kittredge : — I  do  not  know.  I  was  going  to  ask  that  question  my- 
self, when  we  came  to  discuss  the  report. 

The  President : — But  this  was  gotten  from  your  road. 
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Mr.  Kittredge : — I  do  not  know.  I  understand  that  this  was  furnished 
by  the  American  Railway  Association.  I  do  not  know  where  it  came  from 
originally. 

Mr.  Courtenay : — I  would  like  to  'make  some  further  argument  against 
the  clearances  recommended  by  the  Committee.  These  clearances  are 
excessive  and  they  are  dangerous  for  this  Association  to  adopt.  They 
will  get  the  railroads  into  trouble.  The  legislatures  may  get  hold  of 
them  and  proceed  to  frame  a  law  stipulating  that  within  a  stated  number 
of  years  all  structures  shall  be  made  to  conform  to  these  clearances, 
which,  of  course,  would  necessitate  tearing  the  lining  out  of  tunnels,  en- 
larging them  and  rebuilding  a  great  many  new  bridges.  I  do  not  think 
that  this  Association  should  go  on  record  as  advocating  these  clearances. 

The  President : — As  I  understand  it,  the  discussion  relates  to  this 
proposed  general  clearance  diagram,  on  page  435.  I  understand  it  is  not 
satisfactory  to  some  of  the  members  here.  Will  someone  kindly  make  a 
motion  suggesting  what  he  thinks  ought  to  be  done  with  this  diagram? 

Mr.  Courtenay : — My  motion  would  be  radical.  I  move  that  this 
Association  do  not  attempt  to  establish    such   clearances. 

The  President : — A  motion  has  been  made  and  seconded — I  do  not 
know  whether  to  declare  it  in  order  or  not.  This  matter  has  been  referred 
to  us  by  the  American  Railway  Association.  That  Association  has  asked 
us  to  make  a  recommendation.  What  we  do  here  to-day  is  not  going  to 
bind  the  railroads  of  this  country.  As  I  stated  in  my  address  yesterday 
morning,  any  action  that  we  take  must  be  approved  by  the  American 
Railway  Association  and  anything  that  we  do  is  merely  in  the  way  of 
recommendation.  Can  we  take  the  position  that  we  are  not  ready  to  make 
a  recommendation  in  regard  to  what  the  clearances  should  be  on  our 
railroads  ?  That,  as  I  understand,  is  the  way  that  you  put  the  motion. 
The  motion  is  now  before  you  for  discussion. 

Mr.  Brooke: — This  Association  has  already  adopted  a  number  of 
clearances.  It  has  a  bridge  clearance  diagram ;  it  has  a  clearance  for 
single  and  double  track ;  it  has  a  clearance  diagram  for  electric  zones,  and 
I  do  not  recall  what  others.  I  do  not  believe  that  we  should  say  that  we 
should  not  recommend  clearances  of  any  kind.  This  Committee  received, 
when  this  work  was  assigned,  a  number  of  diagrams,  and  those  diagrams 
have  been  shown  on  the  screen  with  the  clearances  recommended  by  the 
Committee  added,  diagrams  of  low  and  high  switchstand  platforms,  signal 
stands,  etc.  We  were  asked  to  recommend  clearances  for  those  various 
objects. 

The  Committee  has  carried  out  its  instructions  in  that  respect 
and  it  has  relied  largely  upon  information  furnished  by  the  Committee  on 
Maintenance  of  the  American  Railway  Association,  which  was  furnished, 
as  I  understand,  through  a  circular  letter  sent  out  by  the  American  Rail- 
way Association.  The  information  tabulated  on  pages  441-443  is  an 
attempt  to  place  in  a  more  concise  form  some  of  the  information  secured. 
This  information  secured  by  the  American  Railway  Association  showed 
recommended  clearances  and  actual  practice  of  a  number  of  roads  for  the 
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various  objects  shown  on  the  screen.  The  Committee  had  in  mind  that 
information  would  be  published  in  connection  with  this  report,  but  it  has 
been  withheld  for  good  reasons. 

I  would  emphasize  the  fact,  and  a  constant  effort  has  been  made 
to  make  that  clear,  that  these  recommendations  apply  only  to  new  con- 
struction and  that  it  is  not  the  sense  of  the  Committee  that  they  should 
in  any  way  be  retroactive,  so  that  clearances  now  in  existence  will  not  be 
affected.  This  Association  has  adopted  standards  for  rail  sections  and 
various  other  things.  When  the  American  Railway  Association  standard 
rail  sections  were  adopted,  it  was  the  intention  that  they  apply  only  to  rails 
to  be  rolled  from  then  on.  It  did  not  imply  that  the  rail  in  the  track  was 
not  perfectly  safe  to  use,  and  I  do  not  think  any  railroad  ever  considered 
taking  up  rail  of  good  section  to  relay  with  another  section  because  the 
latter  section  was  adopted  later.  This  is  a  guide  for  future  work  and 
does  not  mean  that  something  that  does  not  comply  with  it  now  is  not 
to  be  continued  and  is  not  good  practice.  That  is  the  view  of  the 
Committee. 

The  President : — Mr.  Courtenay's  motion  is  that  this  Association  take 
no  action  and  make  no  recommendation  in  regard  to  clearances. 

Mr.  Courtenay : — I  wish  to  say  a  few  words  further.  The  force  of 
all  that  has  been  said  by  the  Chairman  of  the  Committee  is  conceded,  but 
there  has  been  recently  pending  in  the  legislatures  of  several  states  bills 
with  the  idea  of  enacting  laws  requiring  railroads  to  provide  such  clear- 
ances as  are  suggested  by  this  Committee.  These  proposed  laws  limit  these 
larger  clearances  to  structures  to  be  built  hereafter,  and  seek  to  require 
the  railroad  companies  within  a  limited  term  of  years  to  bring  all  existing 
structures  to  these  clearances.  That  is  a  very  formidable  thing  for 
the  railroads  of  this  country. 

Mr.  Kittredge : — I  shall  vote  against  Mr.  Courtenay's  motion.  We 
ought  to  make  our  recommendations  when  we  are  ready  for  them,  and 
certainly  with  the  information  before  us  to-day  we  are  not  in  shape  to 
make  such  a  recommendation.  We  ought  to  be  able  to  formulate  our  views 
and  back  them  up.  We  are  in  the  habit  of  doing  so  in  respect  to  other 
things  on  the  various  railroads  in  this  country  with  which  we  are  con- 
nected, and  there  is  no  reason  why  we  should  not  do  it  in  regard  to 
clearances,  but  we  are  not  in  good  shape,  at  this  particular  time,  to  attempt 
anything  of  that  sort,  so  I  will  have  to  vote  against  the  motion. 

Mr.  R.  H.  Ford  (Rock  Island)  : — I  believe  it  would  be  unwise  for 
this  convention  to  agree  to  Mr.  Courtenay's  motion.  The  report  should 
be  referred  back  to  the  Committee  with  instructions  to  confer  with  the 
Committee  on  Electricity  as  well  as  any  other  committee  dealing  with 
clearances,  and  their  conclusions  reported  next  year. 

Mr.  W.  H.  Finley  (Chicago  &  Northwestern)  : — I  would  be  sorry  to 
see  this  motion  passed,  although  I  am  inclined  to  agree  with  Mr.  Courte- 
nay that  the  clearances  proposed  are  excessive.  I  think  it  would  be 
rather  cowardly  on  the  part  of  this  organization  to  say  that  we  were  not 
prepared  to  go  on  record  as  to  what  the  clearances  should  be.     That  ques- 
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tion  has  come  up  frequently  before  railroad  commissions  and  other 
bodies.  Usually  the  first  thing  they  want  to  know  is  what  the  railroads 
have  done  themselves,  what  they  have  agreed  on.  We  have  been  in 
a  rather  bad  position  from  the  fact  that  there  has  been  no  agreement 
on  this  subject.  If  we  are  not  prepared  to  do  it,  or  cannot  do  it,  it  will 
result  in  legislatures  or  the  railroad  commissions  doing  it  for  us. 

Mr.  C.  M.  Larson  (Railroad  Commission  of  Wisconsin)  : — I  want  to 
say  a  few  words  in  line  with  what  Mr.  Finley  has  just  said,  that  the  defer- 
ring of  action  or  the  failure  of  this  Association  to  make  recommendation 
will  not  prevent  the  legislatures  from  passing  laws  on  this  subject.  I 
consider  it  most  unwise  for  this  Association  to  leave  the  subject  in  this 
unsettled  condition. 

It  is  true,  as  Mr.  Courtenay  said,  that  the  commissions  and  the 
legislatures  do  look  a  great  deal  to  this  body  for  information,  as  they 
should.  We  ourselves  who  are  connected  with  the  Wisconsin  Commission 
undoubtedly  give  a  great  deal  of  consideration  to  what  this  body  does. 
However,  I  believe  that  the  deferring  of  action  will  not  prevent  drastic 
action  by  legislatures,  and  it  may  have  the  contrary  effect.  I  believe  that 
recommendations  of  this  Association  will  assist  them  in  passing  better  laws 
than  they  will  be  able  to  pass  if  such  recommendations  are  withheld.  I 
do  not  say  that  I  would  urge  that  any  action  should  be  taken  until  the 
Association  is  positive  as  to  what  it  desires  to  recommend,  but  I  do  not 
think  it  would  be  wise  to  take  the  "position  that  it  should  not  make  any 
recommendations  on  the  subject  of  clearances. 

Mr.  Kittredge : — There  is  a  bill  before  the  United  States  Congress 
which,  among  other  things,  provides  that  there  shall  be  a  clear  space  of 
not  less  than  36  inches  between  the  side  of  the  engine,  car  or  vehicle,  and 
any  side  obstruction,  and  a  free  space  of  6  feet  above  the  top  of  any 
engine,  car  or  vehicle  and  any  overhead  obstruction.  It  provides  that 
the  Interstate  Commerce  Commission  shall  upon  full  hearing  and  for 
good  cause  extend  the  time  within  which  these  provisions  can  be  carried 
out,  but  that  any  employe  injured  or  killed  by  reason  of  failure  to  provide 
these  clearances  shall  not  be  deemed  to  have  assumed  any  risk  thereby 
occasioned.  It  provides  a  penalty  of  $500  for  each  time  that  any 
locomotive  or  car  is  operated  where  the  clearances  are  not  as  required 
by  this  law. 

That  indicates  the  necessity  of  action.  This  is  a  bill  before  the 
United  States  Congress,  now  in  committee,  and  it  is  being  urged  to  be 
brought  out  of  committee. 

Mr.  Brooke :— I  had  in  mind  saying  the  same  thing  about  the  pro- 
posed national  legislation  concerning  clearances,  and  in  connection  with 
Mr.  Courtenay's  remarks,  to  state  that  the  Association  is  following  the 
action  of  a  number  of  states  on  the  clearance  question.  Some  of  the 
states  have  already  adopted  laws  which  I  think  provide  equally  as  great, 
or  greater,  clearances  than  those  proposed  by  this  Committee.  I  recall 
seeing  a  clearance  diagram  of  the  state  of  Minnesota,  I  think  it  was,  in 
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the  Railway  Age  Gazette  about  two  weeks  ago,  which  was  very  much 
the  same  as  this  diagram. 

(Mr.  Courtenay's  motion  was  lost.) 

The  President: — The  motion  is  lost.  There  is  a  gentleman  who  made 
a  motion  to  have  this  report  referred  back.  Does  he  wish  to  renew  that 
motion  ? 

Mr.  Ford : — I  move  that  the  matter  be  referred  back  to  the  Committee 
with  instructions  to  confer  with  the  Committee  on  Electricity  and  all 
other  committees  dealing  with  clearances,  to  be  reported  upon  next  year. 

The  President : — In  the  meantime  you  will  have  laws  fixed  governing 
the  clearances. 

Mr.  Brooke : — I  believe  it  is  in  order  for  the  Chairman  of  the  Com- 
mittee to  say  that  he  addressed  a  communication  to  the  chairmen  of  the 
committees  on  Roadway,  Track,  Buildings,  Iron  and  Steel  Structures, 
Electricity  and  Yards  and  Terminals  on  June  11,  1915,  outlining  the  pro- 
posed work  of  this  Committee  on  the  subject  of  clearances  and  requesting 
that  those  committees  be  represented  at  a  meeting  held  in  Detroit.  Some 
of  the  committees  were  represented,  others  were  not,  but  the  representa- 
tives of  the  committees  except  in  one  or  two  cases  did  not  take  any  active 
part  in  the  work  of  the  Committee,  and  when  the  report  of  that  meeting, 
which  is  largely  the  report  which  is  before  you  to-day,  was  sent  out,  the 
chairman  of  this  Committee  received  communications  from  very  few  of 
these  committees  and  they  did  not  object  to  the  work  that  had  been  done. 
I  apologize  to  the  Committee  on  Signals  for  not  inviting  it  to  take  part  in 
the  discussion,  but  I  will  gladly  do  so  now. 

Mr.  E.  G.  Lane  (Baltimore  &  Ohio  Southwestern)  : — It  seems  to  me 
we  ought  to  take  action  on  that  clearance  diagram.  As  I  understand  it 
the  clearance  shown  by  the  Committee  is  the  minimum.  If  we  do  not 
adopt  something,  the  legislatures  will. 

Mr.  Himes : — I  am  opposed  to  the  reference  of  the  report  back  to 
the  Committee,  and  if  you  wiH  bear  with  me  a  moment  I  will  tell  you 
why.  The  various  legislatures  of  the  country  are  grappling  with  this 
problem.  Legislators  generally  are  not  informed  as  to  the  respective 
merits  of  the  different  phases  of  the  problem.  If  this  body  of  men  here 
to-day  is  not  able  to  make  a  recommendation  in  regard  to  clearances  for 
railroads,  I  do  not  know  where  there  is  a  body  of  men  on  the  face  of 
the  earth  which  is  able  to  do  it. 

I  think  it  is  distinctly  and  appropriately  a  duty  of  the  Association 
to  pass  on  this  question.  This  country  is  founded  on  the  theory  of  demo- 
cratic government.  We  do  not  have  imperial  edicts.  We  are  supposed 
to  get  together  and  talk  things  over  and  arrive  at  a  sane  and  reasonable 
conclusion,  and  it  has  been  found  generally  that  when  a  great  question 
is  presented  to  the  whole  body  of  the  people,  and  they  are  well  informed 
on  the  subject,  their  decision  is  right,  it  is  correct,  and  that  is  the  founda- 
tion of  our  government.  If  the  action  of  the  state  legislatures  is  not 
wise  in  this  matter,  it  will  be  because  they  have  not  been  well  informed, 
and  that  will  be   because   the   men   who   have   the  knowledge   and   ability 
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and  are  able  to  inform  them,  have  not  done  so.    That  will  apply  particu- 
larly to  the  case  of  the  national  legislature. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — There  is  one  very 
strong  argument  why  this  matter  should  not  be  postponed.  It  is  men- 
tioned in  the  first  paragraph  of  the  report.  We  are  asked  by  the  Ameri- 
can Railway  Association  to  make  a  recommendation.  We  ought  to  go 
ahead,  discuss  this  report  and  find  out  whether  or  not  it  meets  the  views 
of  those  here  and  then  send  it  to  the  American  Railway  Association 
as  soon  as  possible,  as  we  have  been  requested  to  do.  We  are  not 
asked  to  put  this  in  the  Manual  at  this  time.  We  should  go  on  and 
complete  this  discussion  and  find  out  all  we  can  about  the  subject,  and 
perform  the  duty  assigned  to  this  Association. 

Mr.  Kittredge : — If  the  pending  motion  should  be  passed,  it  would 
stop  discussion.  That  would  be  lamentable.  I  want  to  vote  against  the 
motion  and  urge  the  other  members  to  vote  against  it.  If  there  is  any 
possibility  of  the  report  being  referred  back,  I  want  to  first  discuss  it  at 
considerable  length.  Rather  than  let  the  question  go  without  discussion, 
I  would  run  the  risk  of  being  called  out  of  order  and  discuss  it. 

Mr.  Brooke : — I  am  of  the  opinion  if  the  matter  is  referred  back  to 
the  Committee  at  this  time  it  would  be  what  some  of  us  in  the  operating 
department  call  "passing  the  buck." 

I  believe  we  can  make  some  progress  by  taking  up  the  several 
recommendations  and  considering  them  in  order.    I  suggest  that  be  done. 

Mr.  Kittredge : — In  order  that  I  may  have  some  enlightenment  and 
so  discuss  these  recommendations  more  intelligently,  I  ask  in  regard  to 
Appendix  B  what  that  statement  is  and  by  whom  these  things  were 
recommended. 

The  President : — I  will  answer  that  by  saying  that  the  American 
Railway  Association  sent  a  circular  letter  to  all  the  members  of  that 
association  and  asked  for  replies  to  certain  definite  questions.  The  rail- 
roads in  that  association  replied  to  those  questions  and  this  is  the  tabula- 
tion of  the  replies  received  from  the  railroads. 

Mr.  Kittredge : — There  is  a  footnote  which  says :  "Where  no  recom- 
mendations are  made  the  present  practices  of  the  railroads  are  shown." 
What  figures  in  this  table  represent  recommendations  and  what  represent 
present  practices? 

Mr.  Brooke : — That  is  not  indicated,  but  I  would  say,  roughly,  that 
25  per  cent,  of  the  figures  show  present  practice,  and  the  other  75  per 
cent,  recommendations. 

The  President :— I  will  answer  for  your  own  road,  if  you  would 
like  to  have  it  answered. 

Mr.   Kittredge : — I  should  be  glad  to  have  that  done. 

The  President : — In  your  overhead  clearances  you  say  present  prac- 
tice is  as  follows :  Distance  from  center  line  of  track  to  the  side  clear- 
ance, 7  ft.  6  in.  The  overhead  is  22  ft.  Your  recommended  practice 
is  the  same  as  the  present  practice. 

Mr.  Kittredge: — Is  it  indicated  who   made  that  report? 
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The  President: — No,  it  is  not.  You  will  have  to  get  that  when  you 
go  back  to  New  York. 

Mr.  Kittredge : — With  reference  to  minimum  clearances  on  page 
432,  high  switchstands,  I  move  that  for  high  switchstands  it  shall  be 
provided  that  there  shall  be  no  encroachment  on  the  adopted  clearance 
diagram. 

Mr.  J.  B.  Carothers  (Baltimore  &  Ohio)  :— We  were  asked  by  the 
American  Railway  Association  to  answer  these  questions  regardless  of 
any  diagram.  The  Committee  attempted  to  do  that.  That  is  one  of 
the  objections  we  have  to  having  this  referred  back.  We  worked  on  it 
for  a  long  time  and  called  into  consultation  every  committee  interested 
in  clearances  and  offered  them  the  opportunity  to  sit  with  us,  and  this 
is  the  answer  we  arrive  at,  and  it  seems  to  me  we  ought  to  answer 
the  American  Railway  Association  in  the  way  they  ask. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — Will  we  not  save  time  by 
proceeding  to  the  kernel  of  this  question,  that  is,  what  horizontal  and 
what  vertical  clearances  shall  be  recommended  and  adopted? 

The  President : — The  Committee  has  adopted  a  clearance  diagram, 
shown  on  page  435,  and  answered  the  questions  in  line  with  that 
diagram. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  :— I  move  that  we  take  up 
the  consideration  of  the  general  clearance  diagram  first. 

The  President : — Mr.  Kittredge  made  a  motion,  which  is  before  the 
house. 

Mr.  Kittredge: — I  will  be  glad  to  withdraw  that  if  you  will  discuss 
the  clearance  diagram.  If  you  vote  on  the  motion  that  the  report  be 
referred  back  to  the  Committee  I  will  not  withdraw  it. 

The  President: — The  Chairman  of  the  Committee  made  a  motion 
to  take  this  up  in  this  way,  and  he  is  willing  to  withdraw  his  motion,  if 
you  will  withdraw  your  motion,  Mr.  Kittredge,  we  can  talk  to  the  pro- 
posed clearance  diagram  on   page  435. 

(The  motions  were  withdrawn.) 

Mr.  Kittredge : — I  would  move  that,  in  so  far  as  the  clearance  dia- 
gram reported  by  the  Committee  on  Electricity  already  adopted  by  this 
Association  and  by  the  American  Railway  Association,  is  concerned, 
that  this  clearance  diagram  now  under  discussion  be  made  to  correspond. 
We  will  make  progress  in  that  way  rather  than  to  figure  on  each  3  in. 
or  6  in.  or  12  in.  of  elevation. 

The  President : — If  I  understand  it  correctly,  this  clearance  diagram, 
which  the  Committee  proposes,  has  a  horizontal  distance  of  8  feet  from 
center  of  the  track  where  the  maximum  width  is  desired.  If  that  sug- 
gestion is  adopted  by  this  Association  that  will  fix  this  clearance  diagram 
as  11  feet  wide  instead  of  16  feet  wide.     Am  I  correct? 

Mr.  Kittredge : — Not  as  I  understand  it.  The  clearance  diagram  of 
the  Committee  on  Electricity  on  page  927  of  the  Manual,  the  distances 
given  there  are  from  the  gage  of  the  rail,  and  from  the  plane  of  the  top 
of  the  rail.     The  Committee  on  Electricity  made  a  recommendation  that 


878  discussion: 

above  the  points  shown  all  dimensions  should  be  discussed  by  the  gen- 
eral Association  and  made  to  fit  in  with  the  bridge  or  other  clearance 
diagram. 

Mr.  W.  M.  Camp : — It  should  be  clear  by  this  time  that  the  diagram 
which  this  Committee  proposes  is  for  a  different  purpose  from  that  which 
was  presented  by  the  Committee  on  Electricity.  The  diagram  presented 
by  the  Committee  on  Electricity  is  one  which  will  let  the  equipment 
through.  The  diagram  now  before  the  Association  is  to  let  the  equipment 
through  with  a  man  hanging  on  the  side  of  the  train  or  standing  on  top 
of  the  car.     Am  I  right  about  that? 

The  President : — The  two  diagrams  are  for  different  purposes. 

Mr.  Baldwin : — The  American  Railway  Engineering  Association  dia- 
gram on  page  927  of  the  Manual,  as  I  understand  it,  is  the  same  as 
adopted  by  the  American  Railway  Association.  There  are  two  diagrams, 
practically,  one  for  equipment,  which  is  to  regulate  the  outlines  of  equip- 
ment, and  another  for  structures,  which  is  to  regulate  the  outline  of 
structures  to  which  that  equipment  is  to  be  related.  It  only  goes  a  short 
distance  below  the  base  of  the  rail  and  does  not  affect  the  main  question 
now,  and  that  is,  What  shall  be  the  main  clearance  of  bridges  and  struc- 
tures on  railroads.  That  has  been  adopted  by  the  American  Railway 
Association  for  the  entire  country,  and  regulates  the  construction  of 
equipment  so  that  equipment  will  not  be  built  that  will  interfere  with 
electrical  railway  structures  when  equipment  is  interchanged  between 
different  lines.  I  think  this  diagram  should  be  adopted,  but  it  does  not 
affect  the  question  at  issue  now,  and  that  is,  What  shall  be  our  main 
horizontal  and  vertical  clearances. 

Mr.  Larson: — I  believe  we  are  much  less  interested  in  the  dis- 
tance between  an  obstruction  and  the  center  of  the  track  than  between 
an  obstruction  and  any  part  of  the  moving  equipment.  Was  any  attempt 
made  to  fix  the  clearance  on  the  basis  of  a  distance  between  equipment 
and  obstruction? 

Mr.  Brooke : — It  is  stated  in  the  report  that  the  recommendations 
are  based  on  what  the  Committee  considers  the  average  size  of  present- 
day  equipment.  That  would  be  10  feet  outside  width  of  cars.  That  would 
give  3  feet  of  space  between  the  equipment  and  this  proposed  clearance. 
To  that  extent  the  Committee  had  that  point  in  mind.  The  Committee 
also  has  a  conclusion  that  it  is  entirely  futile  to  prescribe  clearances  for 
objects  placed  along  the  track  unless  the  size  of  the  equipment  is  de- 
scribed. To  that  extent  the  Committee  covered  the  point  which  you  have 
raised. 

Mr.  Larson: — Lin  fortunately  there  is  some  equipment  wider  and 
higher  than  that.  Some  freight  cars  in  Wisconsin  are  15  feet  9  inches 
high. 

(Mr.   Kittredge's   motion  was  put  to  vote  and  carried.) 

Mr.  Brooke : — I  move  that  the  clearance  diagram  shown  on  page 
435  be  accepted  for  that  part  below  24  inches  above  the  rail. 

Mr.    S.    P.    Brown    (Mt.    Royal    Tunnel    &   Terminal)  : — How    about 
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high  passenger  platforms?  You  would  have  to  come  within  about  5 
feet  6  inches. 

Mr.  Brooke: — This  diagram  is  subject  to  some  exceptions,  which 
are  shown  on  page  433,  which  provide   for  high  platforms. 

Mr.  Brown : — How  about  overhead  catenary  construction  on  elec- 
trically operated  roads? 

The  President : — That  is  covered  in  other  places. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — I  want  to  call  the  Com- 
mittee's attention  to  one  point  that  was  previously  voted  on  and  ap- 
proved, but  different  from  what  it  is  now,  in  a  similar  discussion,  and 
I  am  speaking  from  experience  when  I  say  that  this  will  cause  you 
trouble  if  it  is  ever  adopted  by  legislative  bodies,  and  that  is  the  point 
from  which  you  are  measuring  your  clearance — I  know  it  is  logical,  that 
is,  where  the  clearance  should  be  measured  from — from  the  top  of  the 
rail,  but  you  will  create  a  condition  that  will  make  your  structures  later 
illegal.  The  distance  on  this  diagram  of  8  inches  above  the  top  of  the 
rail  for  lower  clearance  and  a  distance  of  4  feet  from  the  top  of  the 
rail  to  the  maximum  clearance  is  proper,  but  the  minimum  overhead 
clearance  should  be  measured  from  the  base  of  the  rail.  After  the  law 
was  enacted  in  Canada  the  Railway  Commission  interpreted  that  law  to 
mean  the  base  of  the  rail,  and  it  is  now  in  the  statutes  in  that  manner. 
If  you  put  in  a  rail  an  inch  higher  in  a  tunnel  or  on  a  bridge  or  any 
other  structure,  the  small  amount  of  difference  is  immaterial,  but  it  has 
the  effect  of  making  the  structure  illegal.  Furthermore,  in  designing 
the  bridge,  the  bridge  engineer  does  not  always  know  what  height  of 
rail  you  are  going  to  use ;  you  do  not  give  him  the  top  of  the  rail  as 
the  place  to  measure  from  in  measuring  down  to  foundation,  or  the  base 
seat  of  the  bridge,  and  these  measurements  of  22  feet  to  16  feet  should 
be  measured  from  a  fixed  point,  which  is  the  base  of  the  rail.  That  action 
has  once  been  approved  by  this  Association. 

Mr.  C.  E.  Smith  (Consulting  Engineer)  :— I  have  not  been  able  to 
find  in  this  Bulletin  that  any  minimum  clearances  are  submitted  for 
adoption. 

Mr.  Brooke: — If  you  will  refer  to  page  431,  paragraph  6,  you  will 
see  that  it  says,  "The  logical  course  is  to  prescribe  minimum  clear- 
ances only  and  to  place  no  restriction  whatever  as  to  maximum  clear- 
ances." Then  the  note  on  page  433,  opposite  No.  14,  says,  "General 
Clearance  Diagram — for  new  construction."  Then  follow  a  number  of 
exceptions,  1  to  9.  The  exceptions  prove  the  rule.  The  diagram  as 
shown  on  page  435  is  the  minimum  clearance  diagram,  and  then  there 
are  nine  conditions,  which  are  really  the  conditions  proposed  to  be  cov- 
ered,  where   all   limits   as   to   minimum  clearances   are  removed. 

Mr.  Smith : — It  seems  to  me  it  would  be  proper  to  refer  this  matter 
back  and  have  the  diagram  on  page  435  reported  again,  the  Committee 
to  bring  in  a  recommendation  as  to  the  minimum  clearance  under  the 
conditions  1  to  9  on  page  433. 
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The  President : — We  passed  on  the  matter  of  referring  this  back 
to  the  Committee. 

Mr.  W.  M.  Camp : — We  have  already  voted  that  the  proposed  dia- 
gram here  presented  and  the  diagram  already  in  the  Manual  be  har- 
monized from  a  point  two  feet  above  the  rail  upward.  We  have  a  motion 
before  the  meeting  that  to  provide  for  the  lower  part  of  the  diagram, 
from  a  point  two  feet  above  the  rail  downward,  we  shall  adopt  this 
diagram  which  is  before  us.  Are  we  certain  that  the  revised  diagram 
above  this  two-foot  point  will  connect  with  the  one  below?  How  about 
that? 

Mr.  Brooke: — We  might  have  to  join  it  with  the  horizontal  lines. 

The  President : — As  Mr.  Brooke  says,  there  might  be  a  short  hori- 
zontal line  that  might  connect  these  two. 

Mr.  Sullivan  has  made  a  very  pertinent  suggestion,  if  you  will  pardon 
me  in  referring  to  it,  and  one  you  will  bear  in  mind  when  discussing 
this  question  and  voting  on  it. 

Mr.  Kittredge: — I  ask  if  this  clearance  diagram  above  the  4-foot 
line  corresponds  with  the  diagram  in  the  bridge  clearance. 

Mr.  Brooke : — It  does  not ;  the  bridge  clearance  diagram  has  a  prin- 
cipal horizontal  width  of  14  feet.     This  has  16. 

Mr.  C.  A.  Morse  (Rock  Island)  : — 1  think  we  ought  to  try  to  get  a 
vote  on  this  question  that  is  before  the  house,  for  several  reasons.  One 
of  them  is  that  about  three  years  ago  there  was  a  bill  before  Congress 
calling  for  side  clearances  of  6  feet  11  inches,  and  overhead  clearances  of 
20  feet.  I  think  possibly  due  to  the  commercial  bodies  taking  up  the 
question  of  expense,  the  bill  was  sidetracked  at  that  time.  It  lay  dormant 
for  about  three  years.  Now  they  have  presented  a  new  bill,  in  which 
they  ask  for  36  inches  outside  of  all  equipment,  and  6  feet  above  the 
top  of  all  equipment;  in  other  words,  their  demands  have  grown  in  three 
years  three  feet  two  inches  in  width  and  about  two  feet  in  height.  The 
people  who  are  pressing  this  legislation  make  it  plain  that  they  were 
set  to  one  side  on  the  previous  bill  and  that  they  intend  to  force  the 
issue  this  time.  Among  the  reasons  they  give  is,  they  state  that  at  the 
time  the  other  bill  was  up  that  the  railroads  said  that  they  were  inter- 
ested in  clearances,  that  they  were  increasing  their  clearances  in  new 
construction  and  they  would  do  something  along  these  lines.  Now  they 
go  to  Congress  and  say  they  have  waited  three  years  and  the  railroads 
have  done  nothing,  and  they  intimate  for  that  reason  they  propose  to 
have  Congress  do  something.  I  feel  that  some  action  by  this  Association 
at  this  time  along  the  lines  requested  by  the  American  Railway  Associa- 
tion would  be  of  great  benefit  to  those  who  have  to  handle  this  ques- 
tion before  Congress. 

Mr.  Finley: — I  think  it  is  necessary  for  us  to  do  something.  I  have 
spent  about  a  year  in  arguing  with  the  Utility  Commission  of  Illinois 
on  fixing  a  ruling  practice  of  7  feet.  Before  that  was  passed  it  took 
about  a  year  to  discuss  the  matter  with  the  various  committees  repre- 
senting the   Brotherhood   of   Trainmen.     They   asked    for  greater   clear- 
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ances,  vertically  and  horizontally,  than  had  been  asked   for  up   to   date 
by  the  state  legislatures  or  any  public  utility  body. 

I  think  we  should  pass  on  this  matter  by  recording  our  opinion  as 
to  what  should  be  the  clearance.  The  unfortunate  thing  is,  we  are  called 
upon  to  establish  clearances  and  there  is  nothing  established  governing 
the  width  of  rolling  stock.  The  trainmen  say  they  want  36  inches  be- 
tween cars  on  adjoining  tracks  or  any  lateral  obstruction. 

I  hope  Mr.  Cushing's  motion  will  prevail  that  a  7-foot  minimum 
be  permitted. 

The  President: — How  do  you  feel  about  this  16  ft.? 

Mr.  Finley: — Personally,  I  think  it  is  excessive.  I  think  in  estab- 
lishing any  clearance  rules  and  regulations  of  this  kind  we  should  bear 
in  mind  that  we  are  establishing  minimum  clearances.  If  any  road  wants 
to  adopt  larger  clearances,  it  is  their  privilege  to  do  so. 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — I  want  to  support  Mr.  Sulli- 
van's suggestion  by  a  motion  that  all  vertical  measurements,  from  the 
top  of  the  rail  to  the  extreme  top  of  the  structure,  and  dimension  from 
the  top  of  the  rail  to  the  point  where  the  clearance  reduces  in  the  upper 
part  of  the  structure,  should  be  referred  to  the  base  of  the  rail. 

Mr.  W.  C.  Cushing : — I  want  to  speak  on  the  motion  and  advocate 
a  vote  against  it,  for  the  reason  that  I  think  the  question  involved  is 
too  large.  It  embraces  too  many  things  at  once.  I  think  it  would  be  a 
great  deal  better  to  vote  on  the  minimum  clearances,  and  then  to  take 
care  of  all  the  other  variations  from  it  and  the  exact  points  where  these 
measurements  are  to  be  made  later.  I  would  like  to  see  established 
first  the  minimum  side  clearance,  and  then  the  minimum  overhead  clear- 
ance, the  minimum  side  clearance  extending  from  a  point  about  four 
feet  above  the  base  or  top  of  the  rail,  to  a  point  about  15  feet,  so  as  to 
get  that  minimum  dimension  fixed,  without  attempting  to  accept  the 
diagram  as  a  whole. 

Mr.  Sullivan : — I  agree  with  Mr.  Cushing,  but  the  trouble  would  be 
if  we  adopted  as  tentative  this  print  it  would  go  out  all  over  the  coun- 
try and  be  taken  as  a  guide,  and  not  the  special  prints  which  would  be 
issued  later,  and  if  there  is  an  error,  it  will  be  followed  by  the  legisla- 
tures. 

Mr.  Kittredge : — In  talking  to  the  diagram  on  page  435,  it  is  labeled, 
"Proposed  General  Clearance  Diagram."  That  title  ought  to  be  changed 
to  "Minimum  Clearance  Diagram,"  if  we  are  going  to  vote  on  minimum 
clearances.  I  am  in  accord  with  what  Mr.  Cushing  has  said  about  includ- 
ing too  much.  The  diagram  should  not  be  adopted  as  a  whole.  There 
are  some  dimensions  that  are  not  objectionable^  others  that  are.  I  seri- 
ously object  to  a  minimum  clearance  of  8  feet. 

Mr.  President: — Mr.  Brooke,  who  made  that  motion,  will  with- 
draw it,  and  we  will  proceed  along  the  lines  suggested  by  several  of 
the  members. 

Mr.  Cushing : — I  move  that  the  minimum  side  clearance  from  a 
point  4  feet  above  the  top  of  the  rail,  or,  if  you  please,  4  feet  7  inches 
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from  the  base,  to  a  point  15  feet  above  the  top  of  the  rail  be  7  feet. 
In  a  thorough  consideration  of  this  subject  before  the  Commission  of 
Ohio  we  satisfied  ourselves  that  there  was  ample  safety  in  that  minimum 
clearance. 

Mr.  Kittredge : — Do  I  understand  the  motion  is  subject  to  the  excep- 
tions named  on  page  433?  We  have  a  great  deal  of  construction  with 
clearances  of  only  6  feet  6  inches.  I  am  willing  to  vote  on  Mr.  Cushing's 
motion   if  these  exceptions   apply. 

Mr.  Cushing: — This  motion  refers  to  new  work  exclusively  and  is 
not  to  be  retroactive.  There  are  certain  structures  which  may  be  allowed 
within  these  clearances  which  can  be  specifically  mentioned  later,  but  if 
we  try  to  consider  all  of  them  simultaneously  we  will  not  reach  any 
conclusion.  For  instance,  mail  cranes  cannot  be  put  out  any  farther  than 
about  6  feet  6X4  inches.  That  distance  complies  with  the  laws  of  Ohio, 
which  have  fixed  these  distances,  and  they  are  pretty  generally  used  by 
railroads  now. 

Mr.  Himes  : — I  ask  Mr.  Cushing  if  he  were  to  build  a  bridge  on  his 
road  whether  he  would  build  it  with  a  minimum  clearance  between  the 
trusses  of  14  feet? 

Mr.  Cushing: — Answering  that  question,  I  will  say  no.  I  am  voicing 
the  views  of  a  committee,  representative  of  all  the  roads  in  the  state  of 
Ohio.  After  careful  consideration,  and  viewing  the  matter  from  every 
aspect,  the  general  feeling  was  that  7  feet  should  be  named  as  the  mini- 
mum. I  have  personally  different  views.  Our  recommendation  to  our 
own  company  is  7  feet  6  inches,  but  not  8  feet,  nor  8  feet  6  inches.  We 
did  satisfy  ourselves  that  7  feet  was  amply  safe. 

Mr.  Lane: — If  you  take  your  personal  injury  reports  it  will  be 
found  that  7   feet   is  too  narrow. 

Mr.  Mountain : — We  have  had  several  accidents  in  the  case  of  bridges 
7  feet  wide,  serious  and  fatal  accidents.  With  reference  to  reconstruc- 
tion, a  great  many  bridges  in  Canada  today  are  14  feet,  and  when  a 
bridge  is  rebuilt  it  is  rebuilt  16  feet. 

Mr.  C.  H.  Stein  (Central  of  New  Jersey)  : — Do  I  understand  that, 
if  this  motion  is  passed  it  will  replace  the  bridge  clearance  diagram  on 
page  482  of  the  new  Manual,  which  indicates  that  from  a  point  4  feet 
above  the  top  of  the  rail  to  a  point  18  feet  above  the  top  of  the  rail 
the  side  clearance  is  7  feet?  We  should  try  to  harmonize  these  two 
conditions,  and  I  believe  that  Mr.  Cushing's  motion  should  be  so  framed 
that  it  will  be  in  accord  with  the  bridge  clearance  diagram,  or  we  should 
reconsider  the  bridge  clearance  diagram  in  order  to  have  this  new  one  act 
as  a  substitute. 

Mr.  Cushing: — If  any  of  the  rules  or  practices  we  now  adopt  are 
contrary  to  what  is  in  the  Manual,  they  must  necessarily  be  substituted 
in  the  Manual  for  what  is  there  at  present. 

Mr.  Baldwin: — I  think  it  would  be  unfortunate  if  Mr.  Cushing's 
motion  were  passed.  There  are  30  per  cent,  of  the  railroads  in  this 
country   which   have  a   clearance  of   16   feet.     I   am   sure  it   is   the  desire 
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of  most  of  the  railroads  that  nothing  will  be  done,  if  it  can  be  avoided, 
that  will  embarrass  those  roads  that  have  a  narrower  clearance.  At  the 
same  time,  it  is  a  condition  we  face  and  not  a  theory.  It  is  a  fact  that 
all  over  the  country  the  states  are  going  into  this  subject  of  clearance 
and  we  are  going  to  have  legislation  on  it. 

There  are  two  ideas  with  which  this  subject  may  be  approached. 
One  is  that  we  will  make  the  clearance  as  narrow  as  possible  with  the 
idea  that  we  will  hold  it.  Another  is  that  we  may  recognize  what  is 
the  best  clearance  and  try  to  mold  legislation  to  meet  that  condition,  and 
mold  it  so  that  it  will  refer  to  future  construction  and  not  be  retroactive. 
I  very  much  fear  that  if  we  at  this  time  adopt  radical  action  here  and 
make  these  clearances  too  narrow  that  the  result  will  be  just  exactly 
the  opposite  of  what  we  are  working  for.  My  opinion  is  we  will  help  the 
railroads  more  which  have  the  narrower  clearances  by  adopting  a  clear- 
ance that  is  to  a  very  large  extent  used,  and  then  throw  the  whole  weight 
of  the  Association  toward  holding  that  to  future  construction  than  we 
will  if  we  adopt  a  narrower  clearance. 

Mr.  Brooke: — I  will  state  that  is  just  the  view  which  the  Committee 
took  in  connection  with  the  16-foot  width  in  this  diagram. 

Mr.  Cushing: — Those  are  my  views,  too.  Nobody  has  proved  that 
a  7-foot  clearance  is  dangerous,  or  that  it  is  not  amply  safe. 

Mr.  Safford: — I  will  state  as  a  matter  of  information  that  the  Cana- 
dian railroads  for  nearly  five  years  have  been  acting  under  a  require- 
ment fixed  by  the  railroad  commission  practically  on-  the  basis  of  the 
diagram   recommended,   and   it   has   not   been   found   oppressive. 

Mr.  Finley : — In  investigating  this  matter  I  could  not  find  any  evi- 
dence of  many  accidents  or  loss  of  life  from  the  14-foot  clearance  on 
bridges.  I  think  possibly  more  than  60  per  cent,  of  the  bridges  in  the 
United  States  are  not  more  than  14  feet  wide  and  we  have  had  that 
clearance   for  years. 

Mr.  C.  E.  Smith  : — I  hope  Mr.  Cushing's  motion  will  prevail,  for  the 
reason  that  a  larger  minimum  might  be  insisted  upon,  and  if  so  it  will 
entail  new  construction  in  many  instances  at  very  largely  increased  cost 
that  would  not  be  necessary  if  7-foot  were  permitted.  I  do  not  believe 
there  are  many  of  the  members  who  use  7-foot  side  clearance  as  a 
standard  or  who  do  not  believe  that  8  or  10-foot  would  be  better,  but 
7-foot  minimum  should  be  permitted.  There  are  many  large  bridges  in 
the  Southwest  located  on  cylinder  piers,  the  trusses  in  many  cases  having 
14  feet  side  clearance,  and  it  would  not  be  possible  to  build  new  trusses 
on  the  old  piers  with  16-foot  clearance.  If  a  larger  clearance  is  insisted 
on,  it  would  be  necessary  to  go  to  very  much  greater  expense.  I  under- 
stand some  such  condition  as  that  recently  brought  about  a  clearance  of 
7  feet  6  inches  on  the  Council  Bluffs  bridge.  In  the  case  of  the  Chicago, 
Milwaukee  &  St.  Paul,  between  Minneapolis  and  South  Minneapolis, 
there  is  a  right-of-way  66  feet  wide,  fully  occupied  by  five  tracks,  four 
spaces  13  feet  wide  and  two  7  feet  side  spaces.  It  is  recognized  it  is 
desirable  to  have  more  side  clearance,  but  to  insist  on  more  than  7  feet 
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side  clearance  in  that  case  would  involve  the  expense  of  getting  addi- 
tional right-of-way,  and  that  would  necessitate  tearing  down  the  walls 
of  a  good  many  buildings.  That  would  involve  a  great  deal  of  expense 
to  that  company. 

I  hope  Mr.  Cushing's  motion  will  prevail,  that  a  minimum  be  per- 
mitted, and  I  think  it  will  be  the  consensus  of  opinion  of  the  members 
that  a  larger  clearance  than  that  will  be  used. 

Mr.  Himes  : — I  will  answer  Mr.  Smith  in  this  way — I  had  occasion 
once  to  operate  trains  through  a  bridge  where  the  clearances  were  small. 
I  cannot  tell  how  small.  They  were  so  small  that  I  consulted  our  Gen- 
eral Counsel  to  see  whether  or  not  he  thought  it  was  safe  to  operate 
through  these  bridges.  He  was  of  the  opinion  that  we  should  not  operate 
under  those  conditions.  We  did  operate,  and  we  did  not  have  any  acci- 
dents.    We  took  pains  to  see  that  we  did  not  have  any. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  believe  it  would 
be  a  mistake  for  this  convention  to  adopt  the  motion  before  the  house. 
It  is  not  primarily  a  question  of  dollars  and  cents,  although  that  is  the 
viewpoint  from  which  we  see  it  first.  We  are  now  dealing  with  a  ques- 
tion of  safety  to  human  life  and  I  apprehend  that  the  public  will  not  be 
satisfied  with  too  close  a  margin.  I  am  afraid  that  7  feet  would  appear 
too  narrow  and  that  they  would  not  accept  it.  Such  action  on  the  part 
of  this  convention  would  be  radical  on  the  wrong  side.  It  is  obvious  that 
a  clearance  of  8  feet  is  safer  than  one  of  7  feet.  This  Association 
should  realize  that  the  public  is  deeply  interested,  that  we  shall  have  to 
reckon  with  it,  and  that  it  will  finally  largely  determine  what  the  clear- 
ance should  be.  Consequently,  we  should  recommend  a  clearance  which 
is  reasonable  and  ample.  Moreover,  we  are  not  proposing  clearances  to 
be  applied  to  existing  structures.  We  are  considering  clearances  that 
should  be  provided  in  new  construction  and  in  reconstruction  of  old 
work.  It  will  be  the  part  of  wisdom  for  this  Association  to  accept  the 
larger  margin  of  safety  to  human  life. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I  think 
there  is  a  misunderstanding  on  the  part  of  Mr.  Smith.  He  seems  to 
have  overlooked  the  exceptions  to  the  diagram.  He  suggested  that 
because  of  the  structures  which  now  exist,  which  would  prevent  the 
reconstruction  of  the  road,  they  might  have  to  dispense  with  one  of  the 
tracks  or  buy  additional  right-of-way.  Exception  No.  6,  on  page  433. 
would  apply  to  that  case.  I  think,  as  one  speaker  said,  that  this  is  a 
condition  and  not  a  theory  which  we  are  confronted  with,  and  I  think 
we  had  better  choose  the  least  of  a  good  many  evils.  Furthermore,  I 
believe  our  Committee  has  worked  this  thing  out  in  a  much  more  careful 
way  than  this  convention  can  ever  do  it,  and,  if  I  am  in  order,  I  move 
tfie  adoption  of  the  report. 

Mr.  Morse : — I  do  not  quite  understand  this  idea  of  going  before  the 
public  with  a  recommendation  of  something  you  do  not  believe  in  your- 
selves. I  believe  we  should  be  sincere  in  this  thing.  We  talk  about 
7-foot  clearances,  when  they  have  had  7-foot  6-inch  clearances  built  for 
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25  years.  Our  cars  have  increased  in  width  in  the  course  of  25  years, 
and  you  cannot  go  before  Congress  and  public  service  commissions  and 
put  up  a  proposition  that  this  Association  recommends  a  7-foot  side 
clearance  when  they  are  not  using  it.  I  think  we  have  got  to  be  sincere. 
In  California,  the  Commission  required  7  feet  6  inches  simply  because  it 
was  a  new  proposition,  and  the  side  clearances  of  the  Southern  Pacific 
were  7  feet  6  inches.  Minnesota  went  to  8  feet,  Illinois  to  8.5  feet.  The 
trainmen  and  the  people  behind  this  bill  have  gone  36  inches  beyond  the 
biggest  equipment.  I  feel  we  will  never  get  less  than  8  feet,  and  we  are 
likely  to  get  8  feet  and  a  half,  or  something  greater,  and  we  should 
meet  them  half-way  in  trying  to  bring  about  constructive  legislation 
rather  than  to  obstruct  it. 

Mr.  A.  C.  Irwin  (Chicago,  Milwaukee  &  St.  Paul)  : — We  should  ap- 
proach this  proposition,  not  from  the  standpoint  of  how  we  are  going 
to  influence  legislatures,  but  as  we  think  is  the  best  way  in  which  it 
should  be  decided.  It  seems  that  those  who  are  against  Mr.  Cushing's 
motion  hang  their-  reasons  on  the  question  of  safety.  It  has  been  defi- 
nitely proven,  not  only  by  statistics,  but  by  the  experience  of  men  in  the 
railroad  business  that  the  element  of  safety  connected  with  this  matter 
is  insignificant. 

I  was  on  the  Committee  last  year  when  this  subject  of  clearances 
was  under  consideration.  I  was  also  present  at  the  Detroit  meeting 
when  opinions  were  taken  individually  from  those  present,  as  to  what 
were  proper  side  clearances.  In  all  the  discussion  there  was  not  a  single 
valid  reason  offered  why  8  feet  should  be  recommended  by  the  Associa- 
tion as  a  minimum  clearance.  It  seemed  to  be  the  general  thought  that 
since  the  Board  of  Direction  had  been  handing  this  back  to  different 
committees  that  they  wanted  some  sort  of  larger  clearance,  but  no  reason 
was  shown  why  such  clearance  was  desired. 

It  is  only  necessary  to  follow  the  proceedings  of  the  Association  to 
see  very  clearly  that  the  matter  of  safety  is  insignificant.  The  references 
in  this  report  demonstrate  that  of  the  accidents  reported  by  the  Inter- 
state Commerce  Commission  less  than  2  per  cent,  of  the  total  occurring 
to  passengers  and  employes  were  occasioned  by  coming  in  contact  with 
any  obstruction  either  on  the  side  of  the  track  or  overhead.  There  are 
cases,  of  course,  in  which,  no  matter  what  you  do,  men  will  be  injured 
in  the  performance  of  their  duties  on  a  railroad.  The  hazard  is  there. 
You  cannot  prevent  it  in  any  way  other  than  by  training  the  men. 

Since  the  percentage  of  accidents  in  this  respect  is  so  small,  why 
do  you  want  to  go  on  record  in  advocating  something  that  will  not 
improve  your  case?  To  illustrate  the  point  in  regard  to  how  accidents 
take  place,  I  once  saw  a  fireman  badly  injured  by  coming  in  contact  with 
a  baggagetruck  that  had  been  thrown  on  the  station  platform  for  load- 
ing baggage  from  the  baggage  car.  There  was  no  obstruction  within 
20  feet  of  the  tracks  on  the  side,  and  yet  this  man  was  injured.  The 
personal  element  is  what  enters  into  the  proposition.     That  is  the  thing 
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we  should  spend  the  money  on  rather  than  to  try  to  remove  all  obstruc- 
tions from  the  side  or  above  our  tracks. 

We  have  heard  it  stated  that  legislation  will  be  largely  influenced 
by  what  this  Association  does.  That  is  not  the  point.  We  are  not 
trying  to  do  any  such  thing.  This  is  a  minimum  clearance  we  are  to 
vote  upon.  Do  you  want  to  confine  yourself  so  that  your  judgment  will 
be  hemmed  in  by  such  minimum  clearance,  or  do  you  want  to  leave 
yourself  to  choose  under  the  situation  that  confronts  you  what  clear- 
ances you  want? 

Table  1,  page  436,  shows  per  cent,  of  total  accidents  to  employes  re- 
sulting from  coming  in  contact  with  side  or  overhead  construction.  When 
we  consider  that  some  of  these  accidents  occurred  at  temporary  struc- 
tures, others  at  unavoidably  small  clearances,  and  many  from  carelessness 
and  violation  of  strict  orders,  it  is  very  apparent  that  the  benefit  to  be 
derived  from  increasing  the  present  recommended  clearances  is  small 
indeed.  It  is  not  clear  that  any1  benefit  whatever  would  accrue,  since  a 
variety  of  clearances  requires  that  the  employe  have  in  mind  the  small- 
est, and  not  some  standard  which  is  much  greater  than  the  majority  of 
those  in  actual  existence.  The  standard  should  therefore  be  the  smallest 
and  the  employe  taught  to  avoid  this.  Greater  than  the  standard  could 
then  be  used  with  safety. 

I  have  never  heard  or  read  any  sufficient  reason  why  this  Associa- 
tion should  recommend  any  change  in  the  present  side  clearance  for  a 
bridge  diagram.  Use  of  a  greater  side  clearance  where  conditions  war- 
rant is  expected  and  understood ;  but  the  use  of  a  smaller,  even  where 
absolutely  necessary,  puts  the  user  at  a  disadvantage.  The  recommended 
clearance,  as  a  minimum,  should  therefore  be  small,  leaving  to  the 
requirements  of  conditions  and  operation  the  fixing  of  proper  side  clear- 
ance, and  not  limiting  the  fulfillment  of  the  requirements  of  these  condi- 
tions  by  some   arbitrary   dictum   not   based   on   good   reason. 

I  will  be  opposed  to  future  consideration  of  this  subject  by  this  Asso- 
ciation except  as  an  investigation  and  study  of  those  elements  of  eco- 
nomical operation  and  personal  and  collective  efficiency  which  alone 
will  yield  definite  and  beneficial  results.  The  guidance  to  legislators 
which  our  work  should  afford  could  be  best  summarized  in  the  state- 
ment that  little  is  to  be  gained,  and  that  considerable  damage  may  result 
from   ill-advised    clearance   legislation. 

I  sincerely  hope  that  Mr.  Cushing's  motion  will  prevail. 

(Mr.  Cushing's  motion  was  lost.) 

The   President: — How   about  Mr.    Safford's   motion? 

Mr.  Brooke : — The  Committee  is  willing  to  accept  that,  and  measure 
from  the  base  instead  of  the  top  of  the  rail-. 

Mr.  Lindsay : — The  present  bridge  diagram,  as  I  understand,  calls 
for  a  clearance  of  7  feet  from  the  center  of  the  track  above  the  usual 
height.     I  move  that  it  be  7  feet  6  inches. 

The  President : — Do  you  mean  that  the  maximum  width  be  15  feet, 
instead  of  16  feet,  as  provided  by  the  diagram? 
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(Mr.  Lindsay's  motion  was  put  to  vote.  Eighty-four  members  voted 
in  favor  and  78  opposed.) 

The  President : — We  will  now  take  up  the  vertical  clearances,  and 
have  a  vote  on  the  recommendation  of  the  Committee  that  the  overhead 
clearance  be  22  feet  6  inches  from  the  base  of  the  rail,  and  the  figure 
that  is  now  16  feet  be  16  feet  6  inches  from  the  base  of  the  rail. 

(The  recommendation  of  the  Committee  was  put  to  vote  and  carried.) 

The  President : — We  will  ask  for  a  vote  on  the  adoption  of  the 
diagram  as  a  whole,  as  revised  by  these  votes  that  have  been  taken. 

(The  motion  carried.) 

(The  Chairman  then  read  the  exceptions  to  which  the  recommended 
clearances  will  not  apply.) 

Mr.  McDonald : — I  move  that  in  No.  6  the  words  "reconstruction 
work"  be  eliminated  and  the  words  "new  construction"  be  inserted  in 
their  place. 

(The   motion  carried.) 

The  President: — If  there  is  no  further  suggestion,  these  exceptions 
will  be  approved. 

Mr.  Churchill : — I  move  that  the  two  words  in  the  third  line  from 
the  top  of  page  432,  "and  reconstruction,"  be  stricken  out. 

(The   motion  carried.) 

Mr.  Camp : — I  suggest  that  these  recommendations  be  changed  to 
conform  to  the  diagram  which  we  have  just  adopted.  That  is  purely  a 
mathematical  matter. 

The  President : — Will  not  these  minimum  clearances  have  to  be 
changed  to  correspond  with  what  has  been  done  all  the  way  through 
here? 

Mr.   Churchill: — Yes,   slightly;   that  can  be   done   by  the   Committee. 

The  President : — There  are  two  other  things  which  will  have  to  be 
voted  on,  one  is  No.  13,  "Parallel  Tracks — for  new  construction." 

Mr.  Lindsay : — I  move  that  we  adopt  paragraph  13.  I  assume  that 
includes  superelevation. 

(The  motion  carried.) 

Mr.  W.  H.  Elliott  (New  York  Central)  : — As  to  subject  4,  on  page 
432,  "Signal  Stands,"  I  would  like  to  call  the  attention  of  the  Commit- 
tee to  the  fact  that  while  it  is  practicable  to  provide  the  required  clear- 
ance for  high  signals,  for  dwarf  signals,  which  have  to  be  placed  on 
the  right-hand  side  of  the  track  to  be  governed,  the  clearance  available 
is  dependent  upon  the  dimensions  of  the  maximum  equipment  diagram. 
With  13-ft.  centers  most  dwarf  signals  come  inside  of  the  clearance 
diagram  and  must  be  kept  outside  of  the  maximum  equipment  diagram. 
In  making  recommendations  with  reference  to  Section  4  this  should  be 
borne  in  mind. 

Mr.  Campbell : — I  suggest  that  the  locations  of  these  multitudinous 
structures  could  be  amply  covered  by  a  general  specification  that  no 
part  of  any  of  them  should   fall  within  the  clearance   diagram. 
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The  President : — That  could  be  covered  in  that  way,  or  you  could 
have  a  motion  passed  now  that  these  recommendations  in  regard  to 
minimum  clearances,  from  1  to  14  inclusive,  with  the  exception  of  13,  be 
made  to  harmonize  with  the  action  we  have  taken  in  regard  to  the  gen- 
eral clearance  diagram. 

Mr.  Jenkins : — I  hope  that  idea  will  not  prevail,  and  that  this  will 
be  considered  separately,  because  there  are  a  number  of  these  small 
structures  that  can  very  readily  be  placed  at  a  greater  distance  from  the 
track  than  7  feet  6  inches  without  any  extra  expense,  and  without  any 
hardship  to  the  railroad  companies ;  I  think  that  for  such  small  struc- 
tures we  should  prescribe  a  greater  distance  than  that  given  in  the  clear- 
ance diagram,  and  each   one   should  therefore  be   considered   separately. 

The  President :— Anyone  can  move  them  out  as  far  as  they  want 
outside  of  the  minimum  diagram. 

Mr.  Irwin : — As  I  understand  it,  we  now  have  a  clearance  diagram, 
a  minimum,  providing  for  7  feet  6  inches  from  the  center  line  of  the 
track,  side  clearance,  and  connected  with  a  clearance  diagram  as  adopted 
by  the  Committee  on  Electricity.  Referring  to  recommendation  No.  5, 
on  page  432,  low  platforms,  do  these  platforms  come  into  the  lines  of 
the  clearance  diagram  adopted  by  the  Committee  on  Electricity? 

The  President : — You  must  not  put  them  inside  of  that.  You  must 
put  them  outside,  and  you  can  go  as  far  outside  as  you  want. 

Mr.  Irwin: — That  calls  for  low  platforms  with  a  minimum  distance 
of  five  feet  from  the  center  of  track.  Is  that  inside  or  outside  the 
diagram?  \y  j 

The   President : — It  is  outside. 

Mr.  Irwin : — Conclusion  No.  5,  which  is  proposed  for  adoption  as  a 
resolution,  reads,  in  part :  "Any  attempt  to  establish  a  clearance  diagram 
will  be  wholly  futile."    We  have  done  the  futile  thing. 

Mr.  Churchill: — I  wish  to  refer  to  a  certain  paragraph  in  the  report, 
and  have  a  few  changes  made,  more  in  the  line  of  making  it  perfectly 
clear  that  new  construction  and  recommended  practice  is  all  that  is  re- 
ferred to,  and  I  think  the  Committee  will  agree  with  every  one  of  them. 
We  find  that  paragraphs  may  sometimes  be  taken  out  of  reports  and 
quoted  by  themselves  so  as  to  convey  a  wrong  meaning.  For  that  reason 
we  must  be  very  careful  in  every  part  of  this  recommendation. 

Referring  to  page  427,  second  paragraph,  third  line  from  the  bot- 
tom, I  would  substitute  for  the  word  "standard"  in  that  line  the  words 
"their  own  adopted."  That  will  make  it  read,  "necessity  or  expedient 
their  own  adopted  clearances  will  be  adhered  to."  I  want  to  avoid  the 
use  of  the  word  "standard,"  because  somebody  will  take  it  as  a  prescribed 
standard  applying  to  all  the  roads. 

In  the  next  paragraph,  at  the  end  of  it,  "generally  accepted"  these 
words,  "as  good  practice  in  new  construction." 

On  page  430,  the  last  paragraph,  substitute  for  "clearance  stand- 
ards"   in    the    first    line    the    words    "recommended    clearance    standards." 


DISCUSSION.  889 

On  page  431,  in  the  first  line  of  conclusion  No.  6,  substitute  for  the 
words  "prescribe  minimum  clearances  only"  the  word's  "recommend  mini- 
mum clearances   for  new  construction  only." 

The  object  is  to  clarify  and  make  plain  that  the  Committee  confines 
its  report  to  new  construction,  and  also  to  adhere  to  the  practice  of  this 
Association  to  simply  recommend  good  practice. 

The  President : — The  Committee  is  willing  to  accept  the  suggestion. 

Mr.  McDonald : — I  do  not  know  that  we  will  have  time  to  discuss 
the  conclusions  on  page  431,  but  I  move  that  Conclusion  No.  5  expresses 
the  sense  of  this  meeting,  that  is,  that  any  attempt  to  establish  a  clear- 
ance diagram  will  be  wholly  futile  unless  there  be  established  at  the 
same  time  a  corresponding  maximum  width   for  the  sire  of  equipment. 

The  President: — I  think  possibly  that  conclusion  might  be  worded 
a  little  better.     Mr.  Irwin  has  made  a  good  point. 

Mr.  McDonald : — It  is  the  sentiment  I  want. 

The  President : — We  understand  the  sentiment,  and  we  will  leave 
it  to  the  editors  to  clear  up  the  words  so  as  to  convey  the  meaning  we 
wish  to  convey. 

Mr.  Brooke : — I  offer  an  amendment  to  the  last  motion  that  these 
conclusions  on  page  431  be  adopted  with  the  modifications  already 
brought  out. 

Mr.   McDonald : — I   agree  to  that. 

(The  motion  carried.) 

Mr.  A.  W.  Carpenter  (New  York  Central)  : — I  move  that  on  page  433, 
under  No.  14,  "General  Clearance  Diagram,"  which  now  reads,  "Clear- 
ance diagram  shown  on  page  435  is  recommended,"  we  add  "corrections 
should  be  made  for  curvature  and  superelevation  of  track." 

(The  motion  carried.) 

The  President : — That  completes  the  work  of  this  Committee.  Have 
you  any  suggestions  to  make  for  next  year's  work?  If  not,  we  will  leave 
this  matter  to  the  Committee  on  Outline  of  Work  and  excuse  the  Com- 
mittee with  the  thanks  of  the  Association  for  the  work  they  have  done. 
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(For   Report,   see  pp.    311-322.) 
LIST    OF    SPEAKERS    TAKING    PART    IN    DISCUSSION    ON    ROADWAY. 

W.  M.  Dawley. 

The  President : — The  next  is  the  report  of  the  Committee  on  Road- 
way, which  will  be  presented  by  Mr.  W.  M.  Dawley,  the  Chairman. 

Mr.  W.  M.  Dawley  (Erie)  : — The  Board  of  Direction,  in  addition 
to  the  subject  of  making  a  critical  examination  of  the  Manual,  assigned 
the  following  subjects  to  the  Roadway  Committee.  (Mr.  Dawley  read 
Subjects  1,  2  and  3.) 

On  the  first  subject  the  Committee  has  not  received  a  sufficient  num- 
ber of  replies  to  its  request  for  roadbed  cross-sections  from  the  rail- 
roads to  be  able  to  pass  judgment  on  the  question  at  this  time  and 
would  ask  that  the  various  railroads  send  in  the  cross-sections  now  in 
use  and  their  suggestions  as  to  increase  in  width  of  roadbed  necessary 
to  accommodate  the  increased  depth  of  ballast,  say  24  inches,  as  recom- 
mended by  the  Ballast  Committee. 

The  subject  of  "steam  shovels  and  steam  shovel  work,  including  elec- 
tric and  air  shovels,  drag-line  excavating  machinery,  locomotive  cranes, 
general  specifications  for  manufacture,  methods  of  handling,  and  blank 
forms  to  be  used  ;"  we  have  sent  out  138  letters  asking  for  information 
and  have  had  so  far  78  replies,  64  of  which  are  satisfactory  and  14  not 
so  satisfactory.  We  expect  to  receive  more  information,  and  when  it 
has  been  digested  will  be  able  to  make  a  report,  but  at  the  present  we  have 
not  enough  information  on  hand  to  submit  specifications.  It  will  take 
more  time  to  develop  that. 

The  Sub-Committee  on  "unit  pressures  allowable  on  roadbed  of 
different  materials"  is  not  able  to  make  a  report  at  this  time  other  than 
to  report  progress,  as  the  work  in  this  line  now  being  done  by  the 
Special  Committee  on  Stresses  in  Railroad  Track  has  not  been  carried 
far  enough  to  enable  us  to  draw  conclusions.  This  cannot  be  done  until 
further  tests   have  been  made. 

The  Sub-Committee  on  "prevention  and  cure  of  water  pockets  in 
roadbed"  have  received  a  large  number  of  replies  to  inquiries,  a  number 
of  experiments  have  been  tried,  some  of  which  promise  to  give  good 
results.  Some  of  the  most  promising  have  not  been  in  service  long 
enough  to  base  conclusions  on  results  obtained  so  far,  but  we  think  that 
within  the  next  year  we  will  be  able  to  present  to  the  Association 
some  suggestions  for  the  prevention  and  cure  of  soft  spots  in  roadbeds 
and   some   conclusions   which   will   be   of   value. 

For  next  year's  work  we  recommend  that  the  same  subjects  be 
reassigned  to  the  Committee. 
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The  President : — You  have  heard  the  statement  of  the  Chairman  of 
the  Committee  on  Roadway.  They  have  no  finished  work  to  offer  us 
for  adoption  this  year.  ' 

I  desire  to  call  your  attention  to  two  of  the  appendices  that  have 
been  attached  to  this  report,  one  by  Mr.  Samuel  B.  Fisher,  on  the  sub- 
ject of  "The  Profile  of  Quantities,"  and  the  other  by  Mr.  J.  R.  W. 
Ambrose.  These  are  interesting  and  instructive.  If  there  are  no  fur- 
ther suggestions  in  regard  to  this  Committee,  they  will  be  excused 
with  the  thanks  of  the  Association  for  their  work. 


DISCUSSION  ON  BALLAST. 

(For    Report,    see    pp.    323-368.) 
LIST  OF  SPEAKERS  TAKING  PART  IN  DISCUSSION  ON  BALLAST. 

C.  W.  Baldridge.  Hunter  McDonald. 

Chas.  S.  Churchill.  G.  J.  Ray. 

L.  A.  Downs.  H.  R.  Safford. 

R.  H.  Ford.  C.  H.  Stein. 

H.  E.  Hale.    '  John  G.  Sullivan. 

C.  E.  Lindsay. 

The  President :— The  first  order  of  business  this  morning  is  the  report 
of  the  Committee  on  Ballast.  Mr.  Hale,  the  chairman  of  the  Committee, 
will  present  the  report. 

Mr.  H.  E.  Hale  (Presidents'  Conference  Committee)  : — One  of  the 
subjects  given  to  the  Ballast  Committee  this  year  was  the  efficiency  of 
various  stone  and  gravel  ballasts. 

This  information  is  given  in  Appendix  B,  on  page  357.  We  only 
had  five  tests  and  your  Committee  is  of  the  opinion  that  this  work 
should  be  extended,  and  a  considerably  larger  number  of  tests  made 
in  order  to  come  to  some  definite  conclusion  as  to  the  proper  proportion 
of  various  sizes  of  gravel  which  would  make  first-class  ballast. 

This  is  a  progress  report,  as  we  have  not  been  able  to  get  sufficient 
information  to  make  definite  recommendations. 

On  page  324  there  is  one  conclusion  which  the  Committee  desires  to 
present.  It  is  as  follows :  "It  is  generally  conceded  that  stone  ballast,  as 
defined  by  the  Manual,  is  the  most  efficient  ballast,  and  experience  has 
demonstrated  that  the  other  ballast  materials  (using  the  definition  for 
each  as  appearing  in  the  Manual)  should  fall  in  the  following  order  of 
efficiency:  (1)  stone;  (2)  broken  slag  (not  granulated)  ;  (3)  gravel;  (4) 
chats;   (5)  burnt  clay  or  gumbo;   (6)  cinders." 

I  would  like  to  move  that  the  above  be  approved  by  the  Association 
and  inserted  in  the  Manual. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — I  understand 
that  this  is  to  be  inserted  in  the  Manual? 

The  President : — That  is  the  intent  of  the  Committee. 

Mr.  Ray : — As  a  matter  of  information  I  would  like  to  ask  why  the 
Committee  came  to  the  conclusion  that  broken  slag  should  be  placed  ahead 
of  gravel  ballast. 

Mr.  Hale : — That  is  a  matter  of  opinion  of  the  Committee.  It  was 
difficult  to  obtain  any  definite  information,  because  the  slag  and  the 
gravel  are  used  under  different  conditions,  and  in  order  to  compare 
them  it  would  be  necessary  to  have  them  used  under  similar  conditions. 
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This  is  the  order  of  efficiency,  in  the  opinion  of  the  Committee,  but  we 
have  been  unable  to  get  any  definite  data  on  the  order  of  efficiency. 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — I  ask 
the  Committee  whether  they  considered  different  kinds  of  stone — there  is 
trap  rock,  granite  and  limestone,  each  of  which  has,  under  certain  condi- 
tions, an  advantage  over  the  other. 

Mr.  Hale : — Our  work  was  not  carried  to  that  extent.  The  physical 
tests  for  stone  ballast  give  the  test  which  the  Committee  recommends  and 
the  preference  which  should  be  given  in  each  test  as  to  the  best  ballast. 
This  conclusion  was  given  careful  consideration  by  your  Committee  and  it 
was  felt  that  it  was  a  help  in  the  direction  indicated,  even  though  it 
could  not  be  put  in  very  definite  terms.  For  example,  there  are  certain 
cases  where  gravel  might  be  better  than  stone,  under  certain  conditions, 
and  that  is  why  we  put  this  in  very  general  terms  as  a  guide  and  a  guide 
only. 

Mr.  Ray : — The  Committee  has  seen  fit  to  qualify  the  broken  slag  by 
saying  "(not  granulated.)"  If  this  is  to  stand  and  go  into  the  Manual, 
there  should  be  some  qualifying  statement  about  the  gravel  ballast.  As 
the  Chairman  of  the  Committee  has  said,  there  are  cases  where  gravel 
ballast  may  be  superior  to  broken  stone  ballast.  No  one  will  question 
that  the  stone  should  come  first  in  order,  but  there  are  cases  where  the 
broken  stone  ballast  available  may  be  far  inferior  to  the  gravel  ballast 
available,  and  if  gravel  ballast  is  to  be  rated  as  inferior  to  slag  ballast,  it 
should  be  made  clear  that  washed  and  crushed  gravel  should  not  be 
considered  as  gravel  ballast. 

We  have  had  considerable  experience  with  both  slag  and  gravel  bal- 
last, and  we  now  have  over  100  miles  of  our  main  line  up  on  washed  and 
crushed  gravel.  We  have  crushers  at  the  washing  plant  for  crushing 
the  large  sizes.  The  crushed  gravel  is  elevated  and  again  passed  through 
the  washer.  We  do  not  consider  that  our  crushed  and  washed  gravel 
is  very  much  inferior  to  any  of  our  best  broken  stone,  and  our  track 
ballasted  with  the  gravel  is  as  good  as  our  stone  track  and  easier  to 
maintain.  On  a  portion  of  the  same  division  we  placed  from  6  to  12  inches 
of  slag  as  a  base,  before  we  put  in  the  broken  stone.  I  assure  you  we 
would  not  think  of  using  the  slag  in  preference  to  the  washed  gravel 
ballast.  I  am  certainly  opposed  to  the  order  as  proposed  going  in  the 
Manual.  I  see  that  Mr.  Rice  is  one  of  the  members  of  the  Committee. 
I  am  surprised  that  he  does  not  go  after  this  statement.  Mr.  Rice's  entire 
line  is  up  on  washed  gravel,  and  I  assure  you  that  any  one  riding  over 
the  Richmond,  Fredericksburg  &  Potomac  Railroad  would  never  question 
the  efficiency  of  their  washed  gravel. 

The  President : — I  think  the  question  that  has  been  raised  by  Mr. 
Ray  is  a  very  vital  one.  The  question  is  whether  this  order  of  the  differ- 
ent kinds  of  ballast  is  the  proper  one  and  whether  it  is  based  on  definite 
data.  We  can  hardly  afford  to  adopt  conclusions,  unless  we  have  some 
data  to  back  them  up,  or  to  back  up  our  judgment. 

Mr.  Hale: — The  Committee  has  some  information  in  regard  to  com- 
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parative  tests  of  stone  and  gravel  ballast  on  the  Baltimore  &  Ohio  some 
years  ago,  in  which  a  stretch  of  track  of  stone  ballast  was  compared  to 
a  stretch  of  track  of  gravel  ballast  of  approximately  the  same  length.  It 
appeared  from  the  investigation  that  when  the  traffic  had  increased  a 
certain  amount  it  cost  more  to  maintain  gravel  ballast  than  stone.  How- 
ever, we  have  not  been  able  to  obtain  exact  figures  up  to  the  present 
time. 

The  President: — If  you  can  give  us  some  data  in  regard  to  the  rela- 
tion between  broken  slag,  and  the  data  is  definite,  that  may  help  us. 

Mr.  Hale : — Your  Committee  has  not  been  able  to  obtain  definite  infor- 
mation in  coming  to  this  conclusion,  but  the  Committee  was  unanimous 
in  feeling  that  a  classification  of  some  sort,  even  in  general  terms,  would 
be  a  help,  and  for  that  reason  the  Committee  recommended  it. 

Mr.  H.  R.  Safford  (Grand  Trunk)  :— It  seems  to  me  that  this  dis- 
cussion has  grown  out  of  a  little  misunderstanding.  The  term  "effi- 
cient" is  used  here.  That  is  a  pretty  broad  term,  involving  geographical 
and  economic  conditions  that  enter  into  costs.  The  table,  as  expressed 
here,  would  seem  to  be  correct  from  the  standpoint  of  durability.  If 
instead  of  the  use  of  the  term  "efficient"  if  the  Committee  intend  to  mean 
durability,  the  table  should  stand.  I  do  not  believe  that  the  Committee 
can  present  a  table  showing  grades  of  ballast  from  any  other  standpoint 
than  durability.  They  can  never  get  a  table  that  will  meet  with  our  entire 
satisfaction. 

The  President : — Have  you  any  information  in  regard  to  the  com- 
parative durability  of  stone  ballast  and  slag  ballast? 

Mr.  Hale: — We  have  not  been  able  to  get  the  information  on  two 
stretches,  where  we  felt  that  conditions  were  equal. 

Mr.  Ray : — I  spoke  of  a  comparison  on  our  railroad  where  condi- 
tions are  the  same;  so  far  as  efficiency  and  durability  are  concerned,  we 
have  some  sections  now  that  have  been  upon  screened^  gravel  ballast  for 
the  past  25  years,  and  there  has  been  no  new  ballast  put  in  on  some  sec- 
tions in  IS  years.  It  is  as  good  track  as  one  would  want  to  ride  over. 
We  have  not  had  similar  experience  with  any  slag  ballast  that  we  have 
used.  I  wish  to  move  that  this  entire  conclusion  be  referred  back  to  the 
Committee  for  further  consideration. 

Mr.  Chas.  S.  Churchill  (Norfolk  &  Western)  : — In  seconding  that 
motion  I  wish  to  state  that  the  whole  trouble  arises  from  lack  of  de- 
scriptive matter  referring  to  these  different  materials.  There  are  many 
kinds  of  slag.  We  have  pulled  some  kinds  of  poor  slag  out  of  track. 
However,  slag  that  comes  from  the  reduction  of  ores  that  contain  con- 
siderable silica  is  very  high  in  value  for  ballast.  Pittsburgh  slag,  for 
example,  does  not  equal  for  ballast  purposes  the  high  silicious  slags 
from  some  ores.  It  is  necessary  to  have  some  description  written  of 
the  quality  desired  for  slag  that  is  to  be  used  for  ballast,  just  as  it  is 
necessary  to  have  some  descriptive  matter  also  for  gravels  that  make 
good  ballast.  Some  gravels  make  good  ballast  in  their  natural  state, 
others  do  not. 
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I  think  this  table  is  likely  to  be  misleading.  The  Committee  is  all 
right  in  their  views,  but  I  think  that  we  ought  to  adopt    tthis  motion. 

Mr.  Hale:— We  are  very  glad  to  get  the  suggestions  of  the  Asso- 
ciation, and  the  Committee  would  be  glad  to  get  any  assistance  from 
the  Association  in  making  this  more  definite  and  more  practical.  The 
Committee,  however,  feels  that  some  classification,  either  for  "dura- 
bility," if  that  is  a  better  term,  or  for  economy,  should  be  made  as  a 
help  to  those  who  will  use  the  Manual.  If  the  Association  prefers  to 
give  it  further  consideration,  the  Committee  will  be  glad  to  make  fur- 
ther investigation. 

(The  motion  carried.) 

Mr.  Hale : — In  connection  with  efficiency  of  grav  el  for  ballast,  in 
the  opinion  of  your  Committee,  ballast  is  much  impr.  Dved  by  washing. 
The  Committee  wish  to  call  attention  particularly  to  the  part  of  the 
plant  which  separates  clean  sand  from  the  clay.  In  certain  stretches 
of  this  pit  there  was  a  considerable  mixture  of  the  clay  with  the  gravel 
and  sand,  and  the  clay  is  successfully  separated  from  the  gravel  and 
sand. 

Another  subject  given  the  Ballast  Committee  wa:s  methods  and 
cost  of  applying  ballast.  On  page  325  you  will  see  t.h;it  a  mechanical 
tamper  has  been  in  experimental  use  on  about  17  roa.ds,  and  we  were 
fortunate  enough  to  get  reports  from  various  roads  a;s  to  results.  I 
think  the  Association  will  be  most  interested  in  the  co  st,  top  of  page 
326.  The  Committee  felt  that  the  difference  in  the  co  st  of  tamping,  as 
reported,  was  of  much  interest,  and  on  page  329  and  following  pages 
the  Committee  reproduce  several  cuts  which  had  been-  printed  before, 
but  reproduce  them  together  to  show  the  whole  process.  The  conclu- 
sions of  your  Committee  on  mechanical  tamping  (page  338),  with  the 
information    they    had    available,    are    as    follows    (reada  lg    conclusion). 

The  President : — We  will  accept  that  conclusion. 

Mr.  L.  A.  Downs  (Illinois  Central)  : — The  Chairam  n  passed  over 
hurriedly  the  conclusions  on  page  325,  and  I  want  to  aslk  if  that  motion 
that  was  made  by  Mr.  Ray  covered  the  bottom  of  page  '324  and  the  top 
of  page  325? 

Mr.  Hale : — Yes,  sir.     It  covers  the  whole  thing. 

Mr.  Downs: — I  would  like  to  say,  top  of  page  325,  in  the  case  of 
.washed  gravel,  that  the  same  reason  that  Mr.  Churchill  mentioned  as 
to  the  bottom  of  the  other  page,  was  the  fact  that  their  cc  inclusion  was 
not  based  on  any  facts  that  they  presented  here.  The  refer'  ence  made  to 
the  Brookhaven  gravel  on  the  Illinois  Central,  whiclu  I  am  familiar 
with,  would  hardly  apply  to  any  other  gravel  pit  that  I  know  of,  and 
it  would  not  be  fair  to  make  conclusions  based  on  that  gravel  pit,  as  it 
would  with  others  that  had  loose,  free  gravel.  This  f*  hard1  cementing 
stuff,  a  little  better  than  dirt,  and  when  it  was  in  the  track  it  had  to 
be  dressed  in  the  same  cross-section  as  dirt  ballast.  Dfca  wing  any  con- 
clusion on  the  washing  plant  at   Brookhaven  would  nod    be   right. 

The  President : — The  whole  matter  has  been  ref  emred  back  to  the' 
Committee.  ,    ... 
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Mr.  Hale : — In  that  connection  the  Committee  asked  Mr.  D.  W. 
Thrower,  of  the  Illinois  Central,  who  was  a  member  of  the  Commit- 
tee, to  make  an  investigation,  check  up  and  correct  the  report,  which  he 
did,  and  he  was  requested  to  take  it  up  with  the  Illinois  Central  officials, 
to  see  if  it  was  satisfactory  before  putting  it  in  the  report. 

In  regard  to  ballast  formers,  your  Committee  was  of  the  opinion 
that  considerable  expense  might  be  saved  by  the  use  of  ballast  formers, 
not  only  for  forming  the  shoulders,  but  possibly  the  path.  We  have  a 
report  on  one  ballast  former  from  the  Atchison,  Topeka  &  Santa  Fe. 
We  have  given  photographs  of  the  device  and  its  results,  which  are  of 
considerable  interest.  We  have  also  illustrated  on  pages  343  and  344 
formers  which  are  used  and  are  operated  by  air.  The  conclusions  of 
your  Committee  in  regard  to  those  are  as  follows  (reading  conclusions, 
p.  344). 

The  President : — As  I  understand  this  conclusion,  it  is  not  a  final 
conclusion  of  the  Committee.  If  I  have  the  proper  understanding  of 
it,  we  will  simply  accept  this  as  information.     Is  that  correct? 

Mr.  Hale: — That  is  right.  The  next  subject  given  to  the  Commit- 
tee was  methods  and  cost  of  applying  ballast  by  contract.  This  appears 
on  page  345.  We  refer  to  a  report  made  by  Mr.  John  Evans,  Division 
Engineer  of  the  Michigan  Central,  which  is  reproduced  in  Appendix 
A  on  page  534.  It  covered  approximately  90  miles  of  double-track  and 
some  additional  mileage.  An  outline  is  given  of  how  the  contract  was 
written  up  and  the  various  parts  covered  by  the  contractor.  On  page 
356  the  price  in  the  contract  is  given. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — WTe  have  had  consid- 
erable ballasting  done  by  contract  on  new  work,  but  I  have  never  seen 
any  ballasting  done  on  contract  under  the  ordinary  maintenance  of  the 
road.  The  ballasting  of  new  work  by  contract  costs  less  than  it  does 
to  ballast  a  line  in  operation,  and  the  reason  why  it  costs  more  in  new 
work  is  that  the  men  are  bunched,  ready  to  let  a  train  through.  I  was 
wondering  how  the  specifications  are  written,  and  how  long  the  con- 
tractor is  permitted  to  delay  a  train,  if  at  all. 

Mr.  Hale: — On  the  Missouri  Pacific,  where  the  ballasting  was  done 
by  contract,  it  was  done  under  the  same  rules  which  govern  ballasting 
by  any  force.  I  cannot  answer  for  the  Michigan  Central.  The  same 
conditions  prevailed  with  the  contractors  that  would  prevail  with  a 
regular  ballast  gang. 

There  were  the  usual  disputes  which  arise  under  any  contract,  but 
they   were    settled. 

Mr.  R.  H.  Ford  (Rock  Island)  : — I  am  familiar  with  the  contract 
and  methods  used  for  ballasting  on  the  Missouri  Pacific  Railway,  to 
which  Mr.  Hale  has  referred,  and  perhaps  can  answer  Mr.  Sullivan's 
inquiry.  The  Missouri  Pacific  contract  was  a  very  comprehensive  one. 
It  provided  for  the  loading,  hauling,  unloading  and  applying  of  several 
kinds  of  ballast  over  approximately  2000  miles  on  various  parts  of  the 
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system.  It  differed  from  the  Michigan  Central  contract,  which  I  under- 
stand was  for  application  only. 

No  trouble  was  experienced  in  the  movement  of  the  contractor's  trains. 
Systematic  service  was  required  and  obtained  in  this  work,  both  from 
the  contractor,  who  got  his  trains  loaded,  unloaded  and  moved  over  the 
lines  with  his  own  power,  as  well  as  from  the  Operating  Department, 
who   dispatched   them. 

The  contractor's  men  handled  the  trains  in  pit  service,  while  regu- 
lar road  crews  were  assigned  for  line  service  in  about  the  usual  way, 
the  contractor's  line  operations  being  handled  through  an  Assistant 
Trainmaster  specially  designated  by  the  railway  company  for  the  pur- 
pose. Some  of  the  work  required  that  ballast  be  moved  over  three 
operating  divisions.  Regular  schedules  for  ballast  trains  were  inaugu- 
rated, their  main-line  rights  being  in  about  the  same  relation  that  fast 
freight  service  bears  to  tonnage  trains  or  better.  The  contractor  per- 
formed his  work  through  a  local  Superintendent,  who  was  given  juris- 
diction over  a  section  of  the  line  (usually  one  or  more  engine  stages) 
in  order  that  he  might  be  kept  in  touch  at  all  times  with  his  trains 
through  the  Assistant  Trainmaster,  as  well  as  with  the  work  at  the  pit 
and  on  the  section  being  ballasted.  Foremen  of  track  gangs  were  re- 
quired to  be  as  familiar  with  train  movements  as  regular  employes,  so 
that  the  track  might  be  kept  in  proper  condition  for  the  passage  of  trains. 
In  three  years'  contract  operations  I  do  not  recall  an  instance  of  any 
difficulty   arising   from    this    source. 

Contract  ballasting  is  a  radical  departure  from  the  ordinary  methods 
in  vogue  in  railroad  practice  to-day,  and  especially  so  where  the  haul- 
ing and  applying  is  included.  For  various  reasons  there  is  a  hesitancy 
on  the  part  of  operating  officers  to  consent  to  the  movement  of  con- 
tractors' trains  over  their  lines,  and  perhaps  a  natural  apprehension 
that  complications  must  ensue.  But  this  is  not  the  correct  viewpoint,  and 
ultimately  may  result  in  the  expenditure  of  a  great  deal  of  money 
unnecessarily. 

I  have  spent  considerable  time  in  the  past  investigating  and  stud/- 
ing  the  comparative  results  obtained  in  ballasting  b}'  contract  and  by 
Company  forces,  and  am  convinced  that  under  proper  inspection  the 
results  secured  by  contract  ballasting  are  better  and  cheaper  than  is 
usually  the  case  under  the  methods  employed  by  the  average  railroad 
where  the  work  is  done  by  Company  forces. 

I  have  also  had  an  opportunity  to  analyze  the  cost  of  this  class  of 
work,  both  from  the  standpoint  of  the  contractor  and  of  the  railway, 
as  I  have  at  different  times  been  associated  with  both.  In  the  former 
case  a  complete  analysis  of  the  results  of  the  contractor's  operation  was 
made,  covering  a  period  of  two  years  and  300  miles  of  ballasted  track, 
and  under  very  similar  conditions  the  cost  of  ballasting  by  Company 
forces  on  different  divisions  and  under  different  supervisory  officers 
on  the  same  road.  The  margin,  as  a  rule,  was  in  favor  of  contract 
work. 
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The  conclusions  of  the  Committee,  that  "under  certain  conditions 
contract  ballasting  is  satisfactory,  while  under  other  conditions  it  is  not 
satisfactory,"  are,  in  my  judgment,  correct.  Unless  a  railroad  is  pre- 
pared to  undertake  its  ballasting  operations  as  a  special  problem,  organ- 
ize for  it,  and  co-ordinate  the  service  in  the  same  degree  that  it  should 
for  any  other  unit,  where  large  sums  of  money  are-  daily  affected  by  the 
service,  it  would  be  much  better  to  do  the  work  by  contract  under  intel- 
ligent supervision.  Some  roads  can  do  this,  but  for  various  reasons 
others  cannot ;  they  are  not  in  a  position  to  follow  up  accurately  the 
cost  of  the  work  with  the  degree  of  promptness  that  the  successful  con- 
tractor must  and  does  do.  In  the  latter  case  the  organization  is  suffi- 
ciently elastic  to  respond  immediately  to  any  change  in  conditions.  This 
is  not  the  rule  with  the  railway  company. 

Ballasting  has  been  one  of  the  most  important  factors  in  railway 
maintenance  since  their  original  construction  about  70  years  ago,  but 
tbe  methods  employed  have  remained  practically  the  same,  although 
the  conditions  have  completely  changed.  I  believe  that  where  railroads 
will  analyze  and  compile  carefully  and  impartially  the  entire  cost  of  their 
ballasting  operations,  either  more  work  will  be  done  by  contract  or  else 
more  attention  will  be  paid  to  its  organization  and  efficiency  both  from 
the  standpoint  of  first  cost  and  future  maintenance. 

The  President : — Do  you  know  of  any  cases  where  the  cost  of  doing 
the  work  by  contract  was  greater  than  the  cost  of  doing  it  under  the 
regular   railroad   plan  ? 

Mr.  Ford : — Yes,  I  recall  one  division  in  particular  where  the  total 
cost  by  Company  forces  for  loading,  hauling  and  unloading  was  consid- 
erably less  than  the  contract  rate.  Local  conditions  were  the  direct  cause 
of  this,  the  railway  company  obtaining  its  material  (chatts)  loaded  on 
cars  direct  from  the  sources  of  production  at  a  very  slight  cost,  making 
it  impossible  for  a  contractor  to  compete  for  loading.  The  haul  was 
short,  amounting  to  practically  a  switching  movement,  the  total  produc- 
tion, however,  being  sufficient  to  take  care  of  the  daily  ballast  require- 
ments. 

The  rate  per  cubic  yard  in  these  ballast  contracts  was  on  the  basis 
of  an  average  haul  of  90  miles.  The  contractor  supplied  his  own  equip- 
ment except  ballast  cars,  which  were  furnished  by  the  railway,  as  well 
as  some  other  pieces  of  equipment,  such  as  plows  or  Lidgerwoods,  not 
required    for   its    own    services. 

Mr.  C.  W.  Baldridge  (Santa  Fe)  : — I  would  like  to  ask  a  question 
in  regard  to  ballasting  by  contract.  How  long  is  the  contractor  required 
to  maintain  the  track  in  good  order?  The  reason  I  ask  it  is,  I  have  in 
mind  one  case,  at  least,  of  an  extra  gang  foreman  who  made  a  record 
for  speed  in  ballasting  and  surfacing  the  track,  and  it  became  evident 
shortly  afterward  that  for  a  period  of  about  two  years  the  section  fore- 
men were  required  to  spend  a  good  deal  more  time  in  resurfacing  track 
on  which  the  speed  record  was  made  than  was  necessary  on  any  other 
track    not    so    rapidly    ballasted. 
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Mr.  Hale : — The  contract  required  a  certain  time,  the  exact  detail  I 
have  not  here,  but  generally  until  the  work  was  accepted  by  the  rail- 
road inspector.  The  contractor  was  required  to  maintain  the  track  until 
it  was  accepted,  and  there  was  a  general  time  stated.  Possibly  Mr.  Ford 
can  report  the  exact  time.     I  do  not  happen  to  have  the  information. 

Mr.  Ford : — It  depended  altogether  upon  the  amount  of  traffic  and 
condition  of  the  track.  Previous  to  the  applicaion  of  ballast  the  con- 
tractor was  required  to  skeletonize  the  track  and  make  his  tie  renewals, 
which  was  also  done  by  contract,  and  of  itself  is  of  special  interest. 
The  ballast  raise  was  made  in  two  separate  lifts,  with  a  sufficient  interval 
between  them  to  permit  the  ballast  to  settle  or  shrink  and  allow  the 
track  to  be  lined  to  the  center  stakes,  the  second  lift  being  for  a  final 
surface,  after  which  the  track  was  dressed  to  the  ballast  section.  The 
inspectors  for  the  railway  were  expected  to  study  traffic  conditions  and 
co-operate  with  the  local  transportation  and  maintenance  forces,  as  well 
as  with  the  contractor,  in  order  that  he  might  work  out  an  economical 
disposition  of  his  forces,  so  that  there  would  not  be  too  much  open 
(skeletonized)  track  ahead,  or  too  much  remaining  unfinished  after 
dumping,  and,  on  the  other  hand,  to  see  that  the  interval  between  the 
first  and  second  lifts  was  sufficient  to  obtain  proper  settlement  so  that 
the  surface  might  be  better  maintained  thereafter.  This  of  course  re- 
quired modification  from  time  to  time  on  account  of  roadbed  or  weather 
conditions.  No  fixed  rule  can  be  laid  down  for  this  except  a  thorough- 
going knowledge  of  local  conditions  and  the  results  desired,  all  of  which 
is  so  important  if  the  track  is  to  remain  in  good  service  and  be  main- 
tained thereafter  at  a  proper  cost  without  undue  expense. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — That  is,  as  I  understand 
it,  the  inspector  is,  in  the  last  analysis,  responsible  for  the  safety  of  the 
operation,  and  if  there  was  an  accident  we  could  not  expect  to  hold  the 
contractor. 

The  President : — I  presume  that  would  be  the  case  if  the  contractor's 
men  complied  with  the  orders  of  the  railroad  company's   representative. 

Mr.  C.  H.  Stein  (Central  of  New  Jersey)  : — I  ask,  in  view  of  the 
conclusions  of  the  Committee,  to  what  do  they  ascribe  the  ability  of  the 
contractor  to  do  this  work  more  cheaply  than  the  railroad  company  can 
do   it   with    its    own    force  ? 

Mr.  Hale : — The  conditions  which  bring  that  about  are  the  same  as 
the  conditions  in  any  other  contract.  The  contractor  is  able  in  many 
cases  to  work  more  economically  than  the  railroad  under  certain  condi- 
tions, particularly  where  the  railroad  is  not  able  to  form  an  organization 
and  the  contractor  is  able  to  form  the  organization  promptly.  In  one 
instance  it  was  due  to  the  fact  that  the  contractor  was  at  liberty  to  pay 
a  higher  rate  to  common  labor.  The  railroad  did  not  want  to  raise  the 
rate  for  common  labor  at  that  particular  point,  as  it  might  affect  the 
whole  system,  and  they  preferred  to  let  the  contract — this  was  for 
maintenance  work — temporarily,  and  to  permit  the  contractor  to  raise 
the  rates   of  pay   to  common   labor,   and   then  turn  the   completed   work 
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back  to  the  railroad  company  later.  In  another  case  the  efficiency  of  the 
contractor's  organization  had  much  to  do  with  it,  but  where  the  railroad 
has  a  better  organization,  a  more  efficient  one,  probably  there  is  not  the 
profit  or  gain  that  there  was  in  certain  cases  with  which  we  were 
dealing. 

Mr.  Hale: — The  next  subject  was  to  report  on  the  economical  and 
efficient  depth  of  ballast,  cooperating  with  Special  Committee  on  Stresses 
in  Railroad   Track. 

Your  Committee  was  able  to  obtain  some  very  interesting  information 
or  partial  information,  which  it  was  not  able  to  get  in  shape  to  give  to  the 
Association,  namely,  the  depth  of  ballast  found  in  valuation  work  by 
the  Government.  This  was  taken  up  with  the  various  Valuation  Engi- 
neers, but  on  account  of  the  work  only  being  partially  completed  we 
were  unable  to  get  many  reports.  However,  we  have  received  a  few, 
and  they  indicate  a  much  larger  depth  of  ballast  under  the  track  than 
was  supposed  by  the  officials  in  charge  of  the  railroads  in  many  cases, 
and  that  will  probably  be  borne  out  by  the  valuation  men  who  are  here 
to-day. 

On  the  Missouri,  Kansas  &  Texas  Railway,  for  instance,  it  was 
supposed  in  places  they  had  three  inches  of  ballast  under  the  ties, 
whereas  they  found  they  had  9  or  10  inches. 

In  the  case  of  the  Kansas  City  Southern  Railway,  it  was  supposed 
that  they  had  six  inches  of  ballast,  and  in  many  cases  they  found  as 
much  as  18  inches,  and  in  some  exceptional  cases  more. 

At  the  bottom  of  page  347  there  is  some  very  interesting  informa- 
tion  referring  to   the   Pennsylvania  Railroad. 

This  is  also  found  to  be  the  case  on  the  Boston  &  Maine.  Outside 
of  Boston,  where  they  have  peat  bogs  and  very  bad  subsoil,  the  depth 
of  ballast  was   found  to  be  as  much  as  5   feet. 

We  have  an  interesting  report  of  the  use  of  washed  gravel  on  the 
Richmond,  Fredericksburg  &  Potomac,  and  full  details  of  the  gravel 
washing  plant  are  given. 

On  page  353  appear  the  conclusions  of  the  Committee. 

The  Committee  hopes  to  have  much  more  information  on  this  subject 
to  present  next  year. 

The  President : — Please  tell  us  wherein  that  differs  from  our  present 
recommendation. 

Mr.  Hale : — In  the  latter  part,  in  the  case  of  roadbed  which  will  not 
be  deformed  by  the  application  of  live  load,  the  minimum  depth  of  ballast 
recommended  is  12  inches,  instead  of  24,  as  previously  recommended  in 
the    Manual. 

Mr.  McDonald: — I  ask  the  Committee  whether  it  intends,  with  ref- 
erence to  the  first  part  of  that  paragraph,  that  there  shall  be  24  inches 
of  clean  ballast,  or  does  the  Committee  take  the  view  that  what  the 
Interstate  Commerce  Commission  has  found  is  real  ballast? 

Mr.  Hale : — I  presume,  Mr.  McDonald,  it  means  the  same  kind  of 
ballast   that   we    mean   when   we   adopted   the   previous    recommendation. 
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Mr.  McDonald :— Then  I  suggest  that  the  word  "clean"  be  inserted 
ahead  of  the  word  "ballast." 

The   President : — The   Committee   will   accept   that. 

Mr.  Ford: — I  have  given  this  considerable  study,  and  I  cannot  bring 
myself  to  believe  that  the  Committee  is  on  the  right  track  on  this  ques- 
tion of  the  depth  of  ballast.  The  prevailing  impression  seems  to  be  that 
depth  of  ballast  should  be  the  same  irrespective  of  its  quality  or  existing 
sub-surface  conditions.     I  am  sure  this  is  not  correct. 

As  to  the  question  of  clean  ballast,  it  is  manifestly  impossible  to  keep 
the  ballast  clean.  The  Rock  Island  first  ballasted  its  line  from  Chicago 
to  Joliet  in  1851  and  has  been  ballasting  ever  since.  What  is  true  of  that 
railroad  is  true  of  many  other  railroads.  There  is  no  doubt  that  all  of 
the  railroads  in  the  country  under  the  main  tracks  will  find  the  amount 
of  ballast  in  varying  degree.  That  does  not  bring  out  the  fact  that  we 
have  got  to  continue  to  apply  ballast.  The  application  of  ballast  is 
because  the  ballast  in  the  track  gets  foul  entirely  apart  from  its  sinking 
into  the  roadbed. 

It  seems  to  me  that  clearly-defined  and  well-developed  lines  of  in- 
vestigation will  ultimately  bring  out  the  fact  that  to  secure  all  the  advan- 
tages that  ought  to  be  obtained  from  ballasting,  a  different  line  of  inves- 
tigation and  study  has  got  to  be  undertaken;  this,  in  my  judgment,  will 
go  a  long  way  toward  settling  the  question  of  what  the  depth  of  ballast 
ought  to  be.     I  believe  we  are  going  at  it  from  the  wrong  angle. 

Mr.  Churchill: — I  move  that  all  these  conclusions  be  received  as 
information,  and  not  go  into  the  Manual.  My  reasons  for  offering  this 
motion  at  this  time  is  that  the  Committee  on  Track  Stresses  is  working 
on  this  same  subject,  and  while  perhaps  the  Committee  on  Ballast  may 
be  working  along  the  proper  lines,  we  do  not  know  as  much  about  this 
subject  as  we  will  know  at  the  next  convention.  I  think  it  will  be  better 
to  hold  it  open  for  another  year. 

The  President : — Conclusion  No.  2  is  the  one  referred  to  in  Mr. 
Churchill's  motion.  The  motion  is  that  this  be  received  as  information 
and  referred  back  to  the  Committee  for  further  consideration.  There 
are  certainly  further  investigations  being  made,  and  we  should  not  adopt 
any  conclusions  to  go  into  the  Manual  until  we  are  sure  they  are  com- 
plete  and   final. 

As  to  conclusion  No.  3,  that  is  a  matter  to  be  referred  to  the  Board 
of  Direction.  The  Board  has  indicated  that  it  has  not  money  to  appro- 
priate for  this  purpose.  We  are  in  sympathy  with  you.  It  is  possible  that 
the  work  being  carried  on  by  the  Committee  on  Stresses  in  Track  will 
develop  the  same  information  this  Committee  is  trying  to  develop,  and 
I  believe  that  this  Committee  is  represented  on  that  Committee. 

As  regards  the  recommendation  for  next  year's  work,  that  is  re- 
ferred to  the  Committee  on  Outline  of  Work.  The  Committee  is  ex- 
cused with  the  thanks  of  the  Association   for  its  work  this  year. 
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(For  Report,   see   pp.    369-392.) 
LIST    OF     SPEAKERS    TAKING    PART    IN    DISCUSSION    ON     TRACK. 

J.  A.  Atwood.  G.  J.  Ray. 

J.  L.  Campbell.  L.  S.  Rose. 

J.  B.  Jenkins.  H.  R.  Safford. 

C.  E.  Lindsay.  C.  H.  Stein. 

Hunter  McDonald.  John  G.  Sullivan. 

H.  T.  Porter.  A.  O.  Wilson. 

The  President : — The  next  business  is  the  report  of  the  Committee 
on  Track.  The  report  will  be  presented  by  Mr.  J.  B.  Jenkins,  Chairman 
of  the  Committee-. 

Mr.  J.  B.  Jenkins  (Baltimore  &  Ohio)  : — The  report  of  the  Com- 
mittee on  Track  this  year  covers  quite  a  wide  range  of  subjects  involving 
a  great  deal  of   Sub-Committee  work. 

In  regard  to  the  first  subject,  the  revision  of  the  Manual,  we  had 
covered  the  ground  so  thoroughly  last  year  that  we  thought  it  inadvisable, 
in  view  of  the  coming  edition  of  the  Manual,  to  make  any  additional 
changes  this  year  except  those  which  are  specifically  recommended  in 
the  Committee's  report. 

The  second  subject,  economics  of  track  labor,  has  been  very  care- 
fully covered  ancl  this  Committee  is  doing  excellent  work.  We  have  no 
results  to  present  this  year ;  in  fact,  we  have  laid  out  a  program  of  work 
that  will  take  at:  least  ten  years  to  cover,  and  probably  some  time  longer. 
It  will  be  another  year  before  we  have  our  first  definite  results.  By 
an  examination  of  the  report  you  will  see  the  lines  along  which  we 
are  progressing-. 

We  feel  r.hat  the  work  of  this  Sub-Committee  on  economics  of 
track  labor  is  of  great  importance  to  the  railroads  in  bringing  about  a 
more  efficient  and  a  more  economical  distribution  of  money  for  mainte- 
nance purposes,  and  we  have  asked  the  railroads  to  set  aside  special 
record  track  s  ections  in  order  to  make  investigations  as  to  the  relative 
influence  of  different  conditions  and  different  physical  features  which 
will  affect  the  cost  of  maintenance  work.  Many  roads  have  responded  to 
our  requests  and  agreed  to  set  aside  special  record  track  sections,  but, 
unfortunately,  those  roads  which  have  responded  lie  within  a  single 
belt  in  which  the  climatic  conditions  are  not  greatly  different ;  that  is,  the 
rainfall  is  nearly  the  same.  The  belt  in  which  we  are  getting  these 
record  sections  starts  at  the  Gulf  and  runs  northward  west  of  the  Missis- 
sippi River,  and  then  curves  to  the  eastward,  almost  in  the  line  of  the 
ordinary  cyclonic  path,  going  down  the  St.  Lawrence  Valley. 

In  the  South  Atlantic  and  East  Gulf  states,  west  of  the  Missouri 
River   and   in    the    Northwest    we   have   practically   no    special   record   of 
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track  sections  and  we  would  appeal  to  the  railroads  of  these  sections  to 
set  aside  sections  of  track  in  which  records  shall  be  kept  that  will  oe 
available  to  this  Committee.    - 

I  move  that  the  report  on  economics  of  track  labor  be  received  as 
a  progress  report. 

(The  motion  carried.) 

Mr.  Jenkins : — In  connection  with  the  appeal  I  made  to  other  rail- 
roads to  respond  to  our  request,  I  would  like  all  of  you  at  your  leisure 
to  read  very  carefully  the  circular  on  page  372,  which  was  sent  out  during 
the  year  to  all  the  railroads,  and  see  if  you  cannot  do  something  to  help 
us  along.  We  have  obtained  excellent  responses  from  many  of  the  rail- 
roads, but  some  of  the  roads  are  holding  back  and  not  giving  us  any  help. 

I  will  next  refer  to  the  report  on  tests  of  tie  plates  subject  to  action 
of  brine  drippings,  which  appears  on  pages  391  and  392,  in  regard  to 
which  we  can  only  submit  a  report  of  progress.  We  have  done  a  greit 
deal  of  work  in  getting  ready  for  these  tests,  which  have  actually  begun 
since  the  writing  of  this  report.  I  also  ask  that  this  be  received  as  a 
progress   report. 

Referring  to  pages  373  to  375  of  the  report,  you  will  see  that  the 
Committee  has  made  a  serious  attempt  to  ascertain  the  relation  between 
worn  flanges  and  worn  switch  points.  So  far,  we  have  not  been  able 
to  formulate  any  rule  that  will  guide  the  track  foreman  in  deciding  when 
the  proper  time  has  arrived  to  take  out  a  switch  point.  We  have  tried 
out  two  rules  which  look  to  us  as  being  reasonable,  and  in  both  cases 
we  found  that  a  great  many  switch  points  ought  to  be  taken  out  which 
the  rule  says  should  be  left  in,  and  in  many  other  cases  we  found  switch 
points  that  should  be  left  in  which  the  rule  says  should  be  taken  out.  We 
really  have  very  little  to  report  on  this,  and  the  gist  of  the  report  is  found 
in  the  next  to  the  last  paragraph,  on  page  375. 

I  would  ask  the  adoption  of  this  report. 

(The  motion  carried.) 

Mr.  Jenkins : — The  Committee  will  withdraw  the  request  to  be 
relieved  from  further  consideration  of  this  work,  if  the  Board  of  Direc- 
tion wishes  us  to  continue  it. 

Referring  to  the  report  of  sub-committee  No.  6,  on  page  385,  the 
sub-committee  has  presented  a  design  for  a  double  switch  lug.  We  wish 
to  make  several  amendments  to  this  design,  first  by  striking  out  the 
thickness  dimension  of  Y%  in.,  showing  no  thickness  dimension  whatever. 

The  President: — Leave  it  optional? 

Mr.  Jenkins: — Leave  it  subject  to  other  notes.  We  wish  to  amend 
the  note  in  the  upper  left-hand  corner  to  read,  "lug  to  be  of  same  thick- 
ness as  single  lug  and  otherwise  reinforced  if  desired."  We  wish  <x> 
amend  the  title  to  read,  "Suggested  double  switch  lug  to  permit  the 
switch  to  be  thrown  by  either  rod."  Instead  of  asking  the  adoption  of 
this  double  switch  lug,  we  only  wish  to  offer  it  as  information. 

The   President: — This   will  be  received  as   information. 
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Mr.  Jenkins : — We  wish  to  present  for  adoption  and  publication  in 
the  Manual,  typical  layouts  for  Nos.  8,  11  and  16  double  crossovers  for 
13-ft.  and  15-ft.  track  centers :  General  plans,  found  on  the  insert 
opposite  page  390  and  typical  layouts  of  frogs  for  these  crossovers, 
found  in  the  second,  third,  fourth,  fifth  and  sixth  inserts  opposite  page 
390.     No  amendments  to  offer  to  those  drawings. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — I  would  like  to  ask  some 
information.  Do  they  mean  by  "typical  layout"  the  position  of  the  frog 
or  the  design  of  the  frog? 

Mr.  Jenkins  : — The  position. 

Mr.  Sullivan : — On  page  388  there  is  evidently  a  good  design  of  a 
guard  rail,  which  I  think  will  be  asked  to  be  approved,  under  conclusion 
6,  on  page  392. 

Mr.  Jenkins  : — Yes. 

Mr.  Sullivan : — The  good  feature  of  this  guard  rail  is  the  curving 
of  the  guard  rail  for  a  distance  in  order  to  make  an  easier  approach. 
I  see  no  attempt  made  to  so  design  the  frogs.  Of  course  there  are  no 
figures  given,  but  from  the  drawings  it  would  appear  the  frogs  were 
made  with  a  very  abrupt  entrance.  If  these  layouts  covered  the  design 
of  the  frog  as  well  as  the  position  on  the  ground,  I  would  object  to  their 
approval. 

Mr.  Jenkins : — The  drawings  of  typical  layouts  of  these  crossovers 
are  merely  diagrammatic. 

The  President : — I  think  this  is  intended  to  get  uniformity  in  regard 
to  the  location  of  the  frogs.  For  instance,  take  the  top  layout,  the  first 
one.  There  is  the  dimension,  151  feet,  4H  inches  from  point  of  switch 
to  point  of  switch  in  the  upper  track.  That  might  be  150  feet,  it  might 
be  155  feet,  and  there  would  not  be  any  great  harm  done,  but  we  under- 
stand that  this  is  an  effort  to  standardize  these  dimensions. 

Mr.  Jenkins : — In  regard  to  the  typical  layouts  for  13-ft.  centers, 
the  essential  thing  about  this  is  the  unsymmetrical  arrangement.  If  you 
have  two  tracks  between  12  and  13-ft.  centers,  you  cannot  have  a  sym- 
metrical arrangement  because  the  throats  will  come  so  nearly  opposite 
the  points  that  you  cannot  protect  the  latter.  The  unsymmetrical  arrange- 
ment permits  the  guarding  of  every  point.  If  you  have  12*/2  ft.  centers 
you  can  use  7  and  5J/2  ft.  distances  from  crotch  frog  to  center  of  track 
and  if  135^-ft.  centers  you  can  use  6  and  7V2  ft.,  and  in  each  case  protect 
all  points.  If  you  have  12-ft.  centers  you  would  use  the  two  sixes, 
and  if  14  you  would  use  the  two  sevens.  After  you  get  above  14-ft. 
centers,  this  necessity  for  making  the  crossing  unsymmetrical  no  longer 
exists,  but  by  using  the  unsymmetrical  arrangements  we  can  provide  for 
15  and  16-ft.  centers  with  the  addition  of  only  one  more  set  of  standards. 
In  other  words,  with  our  two  sets  for  13  and  15-ft.  centers  we  have 
symmetrical  arrangements  for  12,  14  and  16-foo!;  centers,  with  unsym- 
metrical arrangements  for  13  and  15,  and  then,  by  introducing  an  odd 
crotch-frog   distance   on   one   side    for   any   other   distance   between   track 
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centers  that  may  be  desired,  we  can  use  one  of  the  standard  arrange- 
ments for  the  other  side. 

(Recommendations  2  and  3  adopted.) 

Mr.  Jenkins : — Conclusion  4,  page  392,  recommends  for  adoption 
and  publication  in  the  Manual,  typical  layouts  of  Nos.  8,  11  and  16  double 
slip  crossings  with  square  switch  points,  13  and  15-ft.  centers.  General 
plans.  This  is  found  on  the  seventh  insert,  drawings  1  and  2,  and  on 
the  eighth  insert,  drawing  No.  1.  We  want  to  amend  all  three  of  these 
by  adding  three  notes : 

Note  "A" — "Where  heel  blocks  are  desired,  a  form  allowing  a  rea- 
sonably free  movement  of  switch  rail  should  be  used." 

Note  "B" — "When  supported  joints  are  preferred,  the  position  of 
ties  may  be  changed  to  suit." 

Note  "C" — "When  heel  blocks  are  not  used,  location  of  joints  may 
be  changed  so  that  more  than  two  joints  will  not  be  located  in  the 
space  between  the  same  two  ties." 

(Recommendation  4  was  adopted.) 

Mr.  Jenkins : — The  next  is  conclusion  5,  recommending  for  adop- 
tion and  inclusion  in  the  Manual  typical  layouts  of  Nos.  8,  11  and  16, 
double  slip  crossings  with  staggered  switch  points.  These  plans  are 
found  in  the  seventh  insert,  drawings  3  and  4,  and  the  eighth  insert, 
second  drawing.  We  wish  to  amend  these  plans  by  adding  the  notes 
"A,"  "B"  and  "C,"  by  striking  out  the  words  "heel  blocks"  in  the 
same  place  as  on  the  other  drawings,  to  further  amend  the  drawing  for 
the  No.  8  by  increasing  the  distance  between  the  movable  points  to 
10  inches,  and  changing  the  lengths  of  the  movable  points  to  8  ft.  9  in. 
and  10  ft.  9  in.  respectively. 

(Recommendation  5  was  adopted.) 

Mr.  Jenkins : — Conclusion  No.  6  recommends  for  adoption  and  pub- 
lication typical  plans  of  frog  guard  rail  found  on  page  388. 

Mr.  Sullivan : — The  clamps  are  shown  in  the  plan ;  in  the  cross-section 
they  show  a  bolt.  In  plan  2  it  is  through  the  packing  block  and  the  bolt, 
shown  in  the  section ;  is  evidently  not  through  the  packing  block. 

Mr.  Jenkins : — The  short  block  in  the  center,  that  is  a  section  through 
the  center  of  the  guard  rail. 

Mr.  Sullivan : — The  plan  shows  a  clamp,  not  a  bolt. 

Mr.  Jenkins : — No,  take  the  upper  drawing ;  the  clamps  are  about 
four  feet  on  each  side  of  the  center. 

Mr.  Lindsay: — I  know  it  is  not  proper  to  consider  definitions  on  the 
floor  of  the  convention,  but  I  would  like  to  ask  Mr.  Jenkins  if  he  has 
received  my  letter  of  March  10  as  to  his  definition  of  frog  guard  rail 
at  the  bottom  of  page  387,  and  if  the  Committee  desires  to  make  a  change 
in  that. 

Mr.  Jenkins : — We  will  offer  the  definition  as  a  separate  conclusion. 

Mr.  J.  A.  Atwood  (Pittsburgh  &  Lake  Erie)  : — With  reference  to  the 
four  feet  at  the  end  of  the  guard  rail,  I  think  that  should,  be  a  straight 
line  rather  than  a  curved  line.     The  object  is  to  give  an  easier  approach 
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for  the  flange  of  the  wheel  coining  to  the  narrow  part  of  the  guard  and 
the  straight  line  gives  a  better  approach  than  the  curved  line. 

The  President : — Do  you  make  a  motion  to  have  it  changed  ? 

Mr.  Atwood: — Yes,  sir;  I  make  a  motion  to  that  effect. 

Mr.  J.  L.  Campbell  (El  Paso  &  Southwestern)  : — I  do  not  under- 
stand that  this  plan  shows  all  details  of  the  design  of  the  guard  rail. 
Apparently,  on  the  face  of  the  plan,  the  guard  rail  might  not  be  adjust- 
able in  the  matter  of  filler  blocks.  What  is  the  idea  of  the  Committee? 
Should  the  filler  block  and,  consequently,  the  guard  rail  be  adjustable 
or  non-adjustable? 

Mr.  Jenkins : — We  have  not  made  any  provision  for  taking  up  the 
wear  by  closing  in.  I  do  not  know  of  it  ever  being  done.  It  certainly 
would  detract   from  the  rigidity  of  the  guard  rail  to  attempt  to  do  so. 

Mr.  Campbell: — Many  guard  rails  are  provided  with  adjustable 
filler  blocks  admitting  a  close  adjustment  of  the  guard  rail.  I  believe 
the  filler  block  should  be  so  constructed  that  the  guard  rail  can  be 
adjusted.  If  the  bolt  shown  in  the  center  of  the  guard  rail  was  replaced 
by  a  clamp,  the  latter  would  hold  the  guard  rail  more  rigidly  and  se- 
curely. We  have  never  found  anything  that  would  hold  a  guard  rail 
of  this  kind  satisfactorily  except  a  heavy  clamp. 

Mr.  H.  T.  Porter  (Bessemer  &  Lake  Erie)  : — The  purpose  is  to  at- 
tempt to  show  the  fixtures  that  are  used  for  holding  the  guard  rail,  the 
lengths  and  the  flangeways.  There  is  only  one  short  filler  block  and 
you  could  use  a  two-piece  filler  block  which  is  adjustable,  if  so  desired. 
Guard  rails  do  not  wear  very  rapidly  and  we  did  not  consider  it  neces- 
sary to  take  care  of  that  adjustment  at  that  point,  but  I  would  see  no 
objection  to  making  the  change  to  show  the  two-piece  filler  block. 

Mr.  Lindsay: — The  detail  at  the  end  of  the  16-ft.  6-in.  guard  rail, 
showing  the  guard  rail  supported  laterally  by  two  bolts  from  the  main 
rail,  is  objectionable.  It  places  a  strain  upon  the  main  rail  at  a  point 
where  it  is  weakened  by  two  additional  bolt  holes.  It  is  not  essential 
that  that  point  of  the  guard  rail  be  firmly  held,  yet  it  ought  to  be 
supported,  and  I  believe  it  can  be  supported  equally  as  well  without 
strain  on  the  main  running  rail.  I  do  not  care  to  make  a  motion,  but  I 
would  like  to  hear  a  discussion  from  others  who  have  used  this  device. 

Mr.  Jenkins : — Referring  to  the  point  in  regard  to  the  filler  block, 
the  Committee  is  willing  to  add  a  note,  that  an  adjustable  filler  block 
may  be  used. 

Mr.  Lindsay:— My  objection  is  to  the  two  bolts  through  the  filler 
block  at  the  extremities  of  the  16-ft.  6-inch  guard  rail,  and  the  other 
also,  at  the  ends,  weakening  the  main  running  rail  at  a  point  where  the 
guard  rail  receives  its  first  blow  and  great  shock.  It  is  not  essential 
to  hold  that  guard  rail  immovable  at  that  point,  and  it  can  be  held  by 
a  rail  brace  equally  well  without  weakening  the   running   rail. 

Mr.  H.  R.  Safford  (Grand  Trunk)  : — I  have  had  personal  experience 
for  a  number  of  years  with  that  type  of  construction.  I  have  never  had 
any   occasion   to   regard   that   as   weak.      I    have   never   had   an   example 
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where  there  has  been  any  filler.  It  is  no  worse  a  condition  than  that 
existing  at  a  joint,  and  as  far  as  I  can  see  there  can  be  no  objection.  If  it 
is  wrong,  it  is  well  to  hear  about  it. 

Mr.  Lindsay : — I  have  had  no  experience,  and  that  is  why  I  ask  for 
information. 

Mr.  Porter: — In  reply  to  Mr.  Lindsay's  remarks,  that  where  we 
have  the  filler,  which  is  intended  for  a  foot-guard  principally,  is  the 
place  where  the  guard  rail  first  gets  its  shock,  I  have  not  ridden  over 
any  track  where  I  thought  that  was  the  case.  The  wheel  is  generally 
pretty  close  to  the  clamp  before  it  has  any  effect  on  the  guard  rail. 
At  the  end  of  the  guard  rail  is  the  foot-guard.  We  have  tried  to  make 
ample  and  careful  provision  to  take  care  of  the  men  liable  to  get  a  foot 
caught  in  guard  rail,  and  the  bolt  is  considered  a  very  simple  means  of 
keeping  that  foot-guard  in  and  preventing  it  sliding  or  working  out  of 
place.  The  security  of  the  foot-guard  depends  upon  its  fitting  closely  to 
the  guard  rail  and  the  main  rail  because  if  it  is  allowed  to  get  loose,  a 
man  might  catch  the  sole  of  his  shoe.  The  bolts  need  not  be  as  large 
there  as  the  bolts  they  use  at  the  ends  of  the  rails,  and  as  this  '.s 
not  near  the  end  of  the  rail,  the  weakening  of  the  rail  I  do  not  think 
is  a  serious  matter.  The  worst  feature  of  it  is  the  expense  of  having 
to  drill  a  hole  on  the  ground,  and  this  is  a  very  good  plan  of  foot-guard. 
It  gives  protection  against  getting  loose,  and  I  do  not  think  does  any 
harm.  Except  when  a  car  is  derailed,  there  is  no  likelihood  of  the  guard 
rail  being  struck  at  that  point  and  the  wheel  is  as  likely  to  go  inside 
of  the  guard  rail  as  outside. 

Mr.  L.  S.  Rose  (Cleveland,  Cincinnati,  Chicago  &  St.  Louis)  : — In 
answer  to  Mr.  Lindsay's  remark  about  the  bolts  at  the  end  of  the  guard 
rail,  there  is  the  advantage  of  having  the  shock  taken  up  by  the  end  bolt 
rather  than  have  the  guard  rail  move  a  little  bit  and  tear  the  bolts  out  in 
the  middle.  You  have  a  short  arm  when  the  shock  is  taken  up  at  the 
end  of  the  guard  rail.  I  have  seen  the  arrangement  tried  with  spikes 
at  the  end,  and  bolts  in  the  middle. 

Mr.  A.  O.  Wilson  (Seaboard  Air  Line)  :— We  had  a  standard  on  the 
Seaboard,  very  similar  to  this,  fastening  guard  rails  by  bolting  through 
blocks  at  the  ends.  We  have  abandoned  that  design,  because  we  never 
could  keep  bolts  through  the  blocks.  On  our  new  work  we  adopted  a 
patented  guard  rail,  but  on  our  renewals  we  are  using  curved  guard  rails, 
curved  at  each  end  with  a  straight  section  in  the  middle  similar  to  this 
guard  rail,  and  guard  rail  clamps,  using  four  rail  braces  on  each  guard 
rail,  two  on  each  side  of  the  guard  rail  clamp,  spiking  the  same  down. 
This  we  found  gave  very  much  better  results  than  when  the  guard  rail 
held  by  bolts. 

Mr.  C.  H.  Stein  (Central  of  New  Jersey)  : — I  would  like  to  ask  the 
gentleman,  did  he  use  Vz-'m.  bolts?  If  he  did,  it  is  not  surprising  that  they 
loosened.  We  have  been  using,  for  a  great  many  years,  four  bolts  in  the 
guard  rail,  with  a  rail  brace  at  each  end  of  the  guard  rail,  and  so  soon  as 
we  adopted  the  1^8-in.  bolt  our  troubles  ceased. 
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Mr.  Wilson : — We  use  a  %-'m.  bolt. 

Mr.  Campbell : — We  use  two  one-inch  bolts  at  the  end  of  the  guard 
rail  similar  to  this  and  we  find  it  the  best  arrangement  and  are  satisfied 
with  that  part  of  the  guard  rail. 

Mr.  Lindsay: — Will  Mr.  Stein  tell  us  what  size  hole  he  put  in  his 
running  rail,  and  did  you  use  a  nut  lock? 

Mr.  Stein : — 1  3-16-in.  lock  nut,  Y%  in.  square. 

The  President : — Are  you  ready  to  vote  on  this  standard  that  has  been 
offered  by  the  Committee  under  item  6  for  adoption  and  publication  in  the 
Manual  ? 

(The  motion  carried.) 

Mr.  Jenkins : — We  wish  to  offer  for  adoption  and  publication  defini- 
tion of  frog  guard  rail,  page  387.  In  this  connection  I  will  say  I  did 
receive  Mr.  Lindsay's  letter  and  did  not  like  his  definition  at  all. 

Mr.  Lindsay : — Then  it  is  up  to  me  to  read  my.  criticism.  I  said  to 
Mr.  Jenkins :  "I  would  like  to  make  the  following  comment  concerning 
the  definition  of  'Frog  Guard  Rail,'  as  given  on  page  387  of  Bulletin  183. 
January,  1916.  The  proper  function  of  a  frog  guard  rail  is  to  prevent 
the  wheel  flange  from  taking  the  wrong  side  of  the  frog  point.  Accord- 
ing to  the  definition  your  Committee  gives  the  wheel  flange  might  be  clear 
of  the  frog  point,  but  on  the  wrong  side  of  it. 

"I  suggest  the  following:  'A  rail  or  other  device  to  guide  the  wheel 
flange  properly  by  the  gap  in  the  gage  line  in  front  of  the  frog  point," 
or  'A  rail  or  other  device  to  prevent  the  wheel  flange  from  taking  the 
wrong  side  of  the  frog  point.' " 

Mr.  Jenkins : — Mr.  Lindsay's  substitute  would  not  cover  the  function 
of  the  guard  rail  to  keep  the  wheel  from  striking  the  point,  which  it  might 
easily  do,  without  taking  the  wrong  side.  Furthermore,  if  the  guard  rail 
keeps  the  flange  of  the  wheel  clear  of  the  points  it  certainly  cannot  get  on 
the  wrong  side. 

Mr.  Lindsay : — I  have  seen  cases  where  the  wheel  took  the  wrong 
side  of  the  guard  point  and  never  touched  it.  The  guard  rail  was  properly 
placed,  but  the  wheel  on  the  opposite  side  climbed  over  the  guard  rail. 

The  President : — What  did  you  find,  when  you  investigated,  was 
the  cause  of  it  climbing  over? 

Mr.  Lindsay: — The  locomotive,  improper  clearance. 

Mr.  Safford : — I  do  not  think  that  definition  ought  to  be  changed.  I 
do  not  think  there  is  any  confusion  in  our  minds  as  to  which  side  of  the 
point  the  flange  ought  to  go. 

(Mr.  Lindsay's  amendment  was  lost,  and  the  definition  of  the  Com- 
mittee adopted.) 

Mr.  Jenkins: — We  offer  for  adoption  and  publication  in  the  Manual 
the  specifications  for  frog  guard  rail  found  on  pages  390,  391,  beginning 
bottom  of  page  390  and  concluding  at  top  of  page  391. 

Mr.  Sullivan: — I  object  very  much  to  limiting  the  foot  guards  to  one 
particular  kind  of  wood,  which  is  pretty  hard  to  get  in  some  sections. 

The  President: — Do  you  offer  some  addition? 
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Mr.  Sullivan : — That  covers  some  legal  points.  I  would  want  to  do 
some  thinking  about  it. 

Mr.  Jenkins : — The  Committee  is  willing  to  revise  that,  making  it 
read  "Sound  hardwood." 

Mr.  Lindsay: — What  does  the  Committee  understand  by  No.  2  rail. 
in  the  first  specification? 

Mr.  Porter : — No.  2  rail  is  described  in  the  rail  specifications. 

The  President: — Any  further  discussion?  If  there  is  no  objection  the 
specifications  will  be  accepted  and  will  be  printed,  considered  adopted  by 
the  Association  and  included  in  the  Manual. 

Mr.  Jenkins : — We  offer  for  adoption  and  publication  in  the  Manual 
the  proposed  screw  spike,  page  384.  In  the  title  omit  "American  Railway 
Association  standard"  and  so  as  to  read  "proposed  screw  spike." 

Mr.  Hunter  McDonald  (Nashville,  Chattanooga  &  St.  Louis)  : — My 
criticism  of  that  design  is  that  in  three  or  four  years  the  head  will 
get  rounded  so  that  you  cannot  remove  the  spike.  As  the  result  of  that 
difficulty  we  adopted  a  design  suggested  by  Mr.  Atwood,  of  the  Pittsburgh 
&  Lake  Erie,  having  a  hexhead. 

Mr.  Lindsay : — I  have  had  but  little  experience  with  screw  spikes,  but 
it  occurs  to  me  that  the  design  of  the  head  is  very  small,  for  the  same 
reason  that  Mr.  McDonald  gives,  there  is  no  reserve  metal  for  corrosion. 
The  outer  edge  of  that  head  is  very  thin  as  it  is  drawn  and  as  I  figure  it 
out,  it  projects  only  11-16  from  the  circle  of  the  spike.  It  seems  to  me  we 
ought  to  have  a  more  generous  head  on  a  device  of  that  kind. 

Mr.  McDonald : — I  neglected  to  say  that  the  hexhead,  which  I  meant 
was  the  full  size  of  that  circle,  an  inscribed  hexagon  the  diameter  of  that 
circle. 

The  President : — 2%.  in. 

Mr.  McDonald : — Yes,  sir ;  I  think  about  an  inch  thick. 

The  President : — The  Committee  is  willing  to  take  these  criticisms 
under  consideration  and  bring  back  a  recommendation  next  year. 

Mr.  Jenkins : — The  Committee  offers  for  adoption  and  publication  in 
the  Manual  the  change  in  specifications  for  ordinary  track  spikes,  found 
on  page  381. 

Mr.  Lindsay: — I  think  it  would  be  advisable  to  make  the  test  by 
pressure. 

Mr.  Ray: — If  the  head  of  the  spike  breaks  off  it  is  not  by  applied 
pressure,  but  by  blows,  whether  from  the  hammer  or  shock  at  the  base 
of  the  rail.  I  think  the  old  specification  was  so  intended.  This  is  merely 
a  change  in  the  wording  to  make  it  plain. 

The  President : — Mr.  Ray  is  correct.  When  you  take  the  old  specifi- 
cation, the  question  is  not  raised.  They  simply  amplify  the  specification 
a  little.  Are  there  any  objections  to  accepting  this  proposed  change  in  the 
specifications?     If  not,  we  will  accept  this  as  the  will  of  the  Association. 

Mr.  Jenkins : — The  Committee  wishes  to  add  another  recommendation 
for  next  year's  work:  "Consider  the  advisability  of  increasing  wheel  base 
on  freight  car  trucks." 

Mr.  Lindsay:— Why?     What  is  the  object? 
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Mr.  Safford : — That  is  the  outgrowth  of  a  suggestion  which  was  trans- 
mitted through  me  to  Mr.  Jenkins.  It  emanated  from  an  officer  of  one 
of  the  leading  railroads  of  the  country,  in  charge  of  equipment.  He  is 
under  the  impression  that  the  relation  of  the  length  of  truck  on  freight 
cars  to  track  conditions,  and  vice  versa,  is  a  subject  that  ought  to  be 
carefully  considered.  He  believes  there  is  some  merit  in  a  longer  wheel 
base,  and  without  giving  his  reasons  for  it,  he  convinced  us  that  it  ought 
to  be  studied  and  upon  that  we  have  made  this  recommendation.  The 
Master  Car  Builders  will  ask  us  to  cooperate  with  them. 

The  President: — Is  this  matter  now  up  with  the  other  associations? 

Mr.  Safford  : — Not  officially. 

The  President: — This  is  not  a  matter  for  us  to  discuss,  is  it?  The 
design  of  equipment? 

Mr.  Safford : — No ;  it  is  not  so  much  a  matter  of  design  of  equip- 
ment as  to  see  what  effect,  if  any,  upon  the  track  such  a  change  would 
be.  It  is  entirely  an  informal  matter,  does  not  come  to  us  officially,  yet 
it  seems  to  me  it  might  be  considered  by  the  Committee  on  Outline  of 
Work. 

The    President: — The    Committee    will    consider    that. 

Mr.  Jenkins : — Next  is  Sub-Committee  No.  5.  The  Sub-Committee 
has  done  some  very  thorough  work.  They  came  to  a  conclusion,  but 
the  Track  Committee  has  not  had  time  to  consider  it  thoroughly  enough 
to  make  a  recommendation.  The  Track  Committee  sees  no  reason  why 
the  flange  of  the  car  wheels  should  not  be  thickened  as  desired,  and  this 
can  be  done  without  any  increase  in  the  flangeway  by  closing  in  a  little 
on  the  distance  between  the  gage  of  the  wheel  and  the  gage  of  the  track, 
so  as  to  allow  a  little  less  play.  A  development  has  arisen  which  may 
possibly  put  off  any  further  consideration  of  this.  The  Committee  of  the 
Master  Car  Builders'  Association  will  probably  report  in  such  a  way  that 
further  consideration  will  not  be  necessary,  but  in  this  connection  there 
develops  as  a  side  issue  a  new  subject,  whether  it  would  not  be  very 
advantageous  to  increase  the  check  gage  distance  on  car  wheels.  The 
back  of  the  flange  of  the  wheel  often  strikes  the  guard  rail  and  there 
seems  to  be  ample  room  on  the  other  side,  between  the  flange  of  the 
wheel  and  the  point  of  the  frog.  The  back  of  the  flange  striking  the 
guard  rail  and  throwing  the  guard  rail  out  to  a  distance  greater  than 
1-34  inches,  as  you  will  find  to  be  the  case  with  most  of  the  guard  rails 
throughout  the  country,  results  in  not  having  proper  protection  for  the 
frog  point.  If  we  can  prevent  the  flange  striking  the  guard  rail  we  will 
have  a  more  satisfactory  condition.  If  the  difference  between  the  gage 
of  the  wheel  and  that  of  the  track  is  less,  it  will  accordingly  lessen  the 
nosing  on  tangents  and  the  oscillation  on  curves.  There  seems  to  be 
every  reason  why  this  subject  of  the  increase  of  check  gage  distance  on 
wheels  should  be  studied. 

The  President: — Is  that  not  a  detail  as  to  increased  flanges? 

Mr.  Jenkins : — The  increase  in  the  check  gage  distance,  it  appears 
from  our  study,  involves  the  variation  in  the  manufacture  and  the  allow- 
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able  wear  of  the  parts,  conditions  which  will  be  corrected  by  increasing 
the  check  gage  distance.  The  Committee  has  not  acted  upon  this  phase 
of  the  subject,  but  I  think  in  case  the  question  of  increased  thickness  on 
flanges  is  dropped,  tbat  tbe  Committee  should  study  the  subject  of  increas- 
ing the  check  gage  distance. 

Mr.  McDonald: — If  1  am  in  order  I  want  to  suggest  some  subjects 
for  this  Committee  or  some  other  Committee  to  consider,  according  to  the 
decision  of  the  Committee  on  Outline  of  Work.  The  first  is  that  this 
Committee  shall  investigate  the  extent  to  which  tbe  frogs  and  switcli 
points  which  have  been  adopted  as  standard  are  now  being  used.  The 
second  is,  specifications  for  the  classification  of  relieved  rail.  The  third  is, 
recommend  the  limit  of  safe  wear  of  rail  on  curves. 

The  President : — The  suggestions  will  be  considered  by  the  Committee 
on  Outline  of  Work.  The  Track  Committee  is  excused  with  the  thanks 
of  the  Association. 
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(For  Report,    see   pp.    313-318.) 
LIST    OF    SPEAKERS    TAKING    PART    IN    DISCUSSION    ON     BUILDINGS. 

C.  E.  Lindsay.  M.  A.  Lonc 

G.  J.    Ray. 

The  President : — The  next  report  to  be  considered  is  that  of  the 
Committee  on  Buildings.  It  will  be  presented  by  the  Chairman,  Mr. 
M.  A.  Long. 

Mr.  M.  A.  Long  (Baltimore  &  Ohio)  : — The  report  will  be  found  in 
Bulletin  183,  page  393.  The  first  subject  is  the  revision  of  the  Manual. 
We  submit,  in  addition  to  "engine  houses,"  that  the  following  should 
be  added :  "When  there  is  an  engine  house  without  turntable  and  no 
'Y'  track  or  other  means  of  turning  provided,  such  engine  house  should 
preferably  be   equipped   with   a   smoke   jack   at   each   end   of   each   stall." 

The  President  :■ — This  is  a  conclusion  which  has  been  offered  to 
us,  to  be  included  in  the  Manual.  Are  you  willing  to  accept  that  con- 
clusion?    Not  hearing  any  objection,  it  will  be  accepted. 

Mr.  Long: — The  second  subject  is,  the  question  of  freight  house 
scales.  Your  Committee  has  boiled  this  down  to  what  we  consider 
hard  pan  and  we  offer  this  report  as  written  for  publication  in  the 
Manual   as   a   whole. 

The  President : — I  presume  some  of  you  read  this  report,  just  as  I 
did,  and  assumed  that  this  was  being  offered  as  information.  They  now 
ask  you  to  adopt  it  and  have  it  included  in  the  Manual. 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — It  seems  to  me 
it  is  hardly  right  to  ask  the  Association  to  adopt  these  conclusions  for 
the  Manual  when  there  is  no  indication  in  the  report  that  such  action 
would  be  requested.  I  move  that  this  be  received  as  information  or  go 
back  to  the  Committee  for  further  consideration. 

The  President: — The  Chair  had  the  same  notion,  but  did  not  wish 
to  act  arbitrarily  in  the  matter. 

If  there  is  no  objection  this  will  be  referred  back  to  the  Committee. 
In  order  to  save  time,  the  Chairman  of  the  Committee  informs  me 
that  he  proposes  to  do  the  same  thing  with  the  recommendations  in 
regard  to  various  types  of  pits,  and  it  seems  to  me  that  should  take 
the  same  course.  If  there  is  no  objection  by  the  Association,  that  is 
what  will  be  done.  This  will  be  referred  back  to  the  Committee  and 
they  can  resubmit  conclusions. 

Mr.  Long: — No,  the  Committee  boiled  this  down  to  keep  the  printed 
matter  as  small  as  possible. 

912 


DISCUSSION.  913 

The  President : — Any  suggestions  to  be  made  by  any  member  of  the 
convention  in  regard  to  the  work  of  the  Committee  for  the  coming 
year? 

Mr.  Lindsay :— Referring  to  Fig.  3  and  Fig.  5  in  the  report,  I  suggest 
that  the  subject  of  clearances  be  given  careful  consideration. 

Mr.  Long: — These  are  merely  diagrams  and  it  is  supposed  that  they 
will,  in  making  up  the  detailed  drawings,  work  with  reference  to  the 
clearance  diagram. 

The  President : — The  Committee  is  excused,  with  the  thanks  of  the 
Association. 
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(For    Report,    see    pp.    399,    400.) 
LIST    OF    SPEAKERS    TAKING    PART    IN    DISCUSSION    ON    ELECTRICITY. 

C.  E.  Lindsay.  S.  N.  Willtams. 

The  President : — The  report  of  the  Committee  on  Electricity  will  be 
presented  by  Mr,  C.  E.  Lindsay,  in  the  absence  of  the  Chairman  and 
Vice-Chairman   of  the   Committee. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — It  has  nothing  but  a 
progress  report,  yet  it  has  made  progress.  On  the  subject  of  clearances 
it  has  brought  up  to  date  the  data  regarding  overhead  clearance  on 
various  electrified  roads  of  the  United  States.  On  the  subject  of  trans- 
mission lines  .and  crossings  it  has  collaborated  with  the  joint  committees 
of  the  other  associations.  On  the  subject  of  electrolysis  it  has  continued 
its  investigations  with  the  national  joint  committee.  It  makes  the  recom- 
mendations which  are  printed  in  the  report.     It  asks   for  further  time. 

The  President: — The  Chair  understands  that  the  Committee  simply 
presents  the  information  to  the  Association  and  makes  no  recommenda- 
tion. Do  you  wish  to  make  any  suggestions  in  regard  to  the  work  of 
the   Committee? 

Prof.  S.  N.  Williams : — Does  the  recommendation  on  page  400,  "that 
the  subject  of  report  on  water  power  for  electrical  railway  operation 
be  considered,"  cover  the  same  ground  as  given  the  Committee  on  Con- 
servation of  Natural  Resources? 

The  President: — That  is  a  matter  that  will  be  taken  care  of  by 
the  Committee  on  Outline  of  Work.  The  report  of  the  Committee  will 
be  received  as  information,  and  it  is  excused  with  the  thanks  of  the 
Association. 
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(For  Report,  see  pp.   407-411.) 
LIST  OF    SPEAKERS    TAKING    TART    IX    DISCUSSION    ON    GRADING   OF    LUMBER. 

C.  E.  Lindsay.  R.  A.  Rutledge. 

I)k.  Hermann  vox  Schrenk. 

The  President : — Dr.  Hermann  von  Schrenk.  Chairman  of  the  Com- 
mittee on  Grading  of  Lumber,  will  present  the  report  of  that  Com- 
mittee. 

Dr.  Hermann  von  Schrenk  (Consulting  Timber  Engineer): — I 
will  not  take  the  time  to  read  the  entire  report,  but  if  you  will  turn  to 
the  summary  on  page  414.  you  will  see  that  we  make  two  recommenda- 
tions. The  first  is  that  we  recommend  for  adoption  as  standard  a  new 
definition  for  quality  of  Southern  yellow  pine  timbers.  In  explanation 
I  wish  to  say  this  is  a  matter  which  has  now  been  under  discussion  on 
the  part  of  the  various  technical  and  engineering  societies  of  this  coun- 
try for  the  last  three  years.  It  has  been  generally  recognized  that  one 
of  the  chief  difficulties  in  the  grading  of  structural  yellow  pine  timbers 
has  been  the  lack  of  definite  scientific  definitions.  Specifications  have 
called  for  longleaf  pine  for  a  great  many  years,  but  there  has  been  no 
method  for  assuring  one's  self  as  to  whether  material  furnished  was 
longleaf  pine.  Under  the  lead  of  the  United  States  Government,  the 
technical  committees  of  the  American  Society  for  Testing  Materials  for 
the  last  five  years  have  been  going  into  this  matter  and  they  presented 
a  concrete  and  comprehensive  report  at  the  annual  convention  last  year. 
Under  instructions  from  the  Board  of  Direction  of  this  Association, 
your  Committee,  a  number  of  whom  were  members  of  this  other  organ- 
ization, considered  this  matter  during  the  last  year  and  we  have  also 
corresponded  with  the  Chairman  of  the  Committee  on  Bridges  and 
Trestles,  and  came  to  the  conclusion  that  it  was  a  desirable  thing  to 
recommend  the  new  classification  for  adoption.  There  is  practically 
nothing  that  we  have  heard  that  can  be  said  against  such  a  procedure, 
except  possibly  the  question  involved  in  the  lasting  power  of  the  different 
species  of  wood,  which  will  be  included  under  the  first  grade  called 
"dense"  pine. 

In  that  connection  we  are  of  the  opinion  that  the  chances  which  we 
are  taking  in  including  the  strongest  pieces  of  shortleaf  and  loblolly 
pines  (which  will  probably  not  amount  to  more  than  5  per  cent.),  are  far 
less  than  the  chances  now  being  taken  because  of  our  inability  to 
exclude  poor  pieces  of  longleaf  pine. 

A  glance  at  page  409  will  convince  anyone  of  this  fact.  "It  will  be 
found  that  the  modulus  of  rupture  in  these  four  pieces  of  longleaf  pine 
varies  from  11,100  to  4.600  fbs." 
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In  the  new  classification  the  strength  characteristic  is  one  which 
will  assure  our  getting  pieces  like  the  classes  represented  in  the  upper 
photograph  having  the  higher  modulus  of  rupture.  I  would  accord- 
ingly move  that  the  definitions  as  printed  on  page  408  to  top  of  page  411 
he  adopted  as  standard  by  this  Association. 

The  President: — Will  you  tell  us  in  a  few  words  wherein  these 
differ   from   those   which  are   already   the    standard   of   the  Association? 

Dr.  von  Schrenk : — At  the  present  time  we  have  practically  no  defi- 
nition for  a  high-grade  botanical  classification  of  timbers.  Our  present 
rules  simply  define  longleaf  pine  as  the  timber  which  comes  from  the 
botanical  species  of  longleaf  pine.  We  say  for  timber  of  the  shortleaf 
or  loblolly  variety  that  if  it  has  the  characteristics  of  the  longleaf  pine 
it  shall  be  considered  equal  to  longleaf  pine.  We  have  no  method  of 
determining  how  that  shall  be  judged. 

The  present  rule  has  abandoned  the  terms  "longleaf,"  "shortleaf" 
and  "loblolly  pine"  for  the  reason  that  it  would  be  confusing  if  they 
had  been  retained,  and  substitutes  therefor  two  grades,  "dense  pine"  and 
"sound  pine,"  dense  pine  to  include  the  strongest  species  of  what  has 
hitherto  been  known  as  botanical  longleaf,  and  a  small  percentage  of 
the  dense  piece  of  what  we  regard  as  equivalent  to  longleaf,  namely, 
shortleaf  and  loblolly,  and  excludes  the  weaker  pieces  of  longleaf, 
which  have  hitherto  been  accepted. 

The  only  addition  is  to  give  a  perfectly  definite  physical  method  of 
measuring  and  identifying  the  high-grade  structural  pieces  of  timber 
so  that  there  will  be  no  misunderstanding  as  to  what  class  of  timber 
has  been  received. 

The  President : — It  is  my  understanding  that  the  definition  you  are 
offering  begins  at  the  middle  of  page  408  and  includes  all  the  remaining 
matter  on  that  page  and  about  one-third  of  the  matter  on  page  411. 

If  there  is  no  objection  to  adopting  the  definition  it  will  be  con- 
sidered that  it  has  the  approval  of  the  Association,  and  it  will  be  printed 
in  the  Manual  as  a  substitute  for  what  we  have  now. 

Mr.  R.  A.  Rutledge  (Santa  Fe)  : — I  understand  there  has  been  a 
regrading  in  the  specifications  of  the  Southern  Pine  Association  within 
the  last  year,  which  has  just  been  printed.  Is  this  along  the  same  line 
as  that? 

Dr.  von  Schrenk : — Yes,  the  Southern  Pine  Association  has  taken 
the  rule  as  adopted  by  the  American  Society  for  Testing  Materials  and 
adopted  it  as  their  own. 

The  President: — Not  hearing  any  objection,  it  will  be  adopted. 

Dr.  von  Schrenk : — The  second  recommendation  is  with  regard  to 
grading  rules  for  hemlock  lumber.  These  rules  were  printed  as  infor- 
mation in  Bulletin  174  last  year;  we  have  revised  the  rules  and  have 
made  certain  omissions,  which  will  be  found  specified  on  page  411. 
These  omissions  are  largely  of  a  typographical  nature  and  deal  with 
contractual  relations  which  we  do  not  believe  have  any  place  in  a  general 
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specification,  such  as  we  have  hitherto  adopted  with  regard  to  other 
classes   of   lumber. 

The  recommendation  which  we  now  make  is,  that  having  received 
various  suggestions  we  now  move  that  the  grading  rules  as  printed  in 
Bulletin  174,  with  the  omission  of  paragraphs  3,  4  and  6,  be  adopted  as 
standard. 

The  President: — Hearing  no  objection,  it  will  be  considered  that 
the  Association  approves  this  course. 

Dr.  von  Schrenk : — The  further  part  of  our  report  is  simply  sub- 
mitted as  information.  Your  Committee,  in  cooperation  with  a  similar 
committee  of  the  American  Society  for  Testing  Materials,  has  drawn  up 
a  specification  for  bridge  timbers  to  be  creosoted,  which  is  found  on 
page  411.  We  call  special  attention  to  the  fact  that  these  specifications 
are  essentially  the  same  as  the  specifications  now  found  in  the  Manual 
for  untreated  timber,  except  we  have  omitted  all  sap  restrictions,  believ- 
ing it  to  be  desirable  for  timbers  to  be  creosoted  that  as  large  a  ring  of 
sapwood  around  the  heart  as  can  be  furnished. 

We  present  this  specification  as  information,  with  the  request  that 
it  be  carefully  considered  and  criticised  by  the  members  during  the 
coming  year. 

The  President: — My  understanding  is  if  there  are  no  criticisms 
offered  during  the  year  you  will  come  next  year  with  a  recommenda- 
tion that  this  be  included  in  the  Manual? 

Dr.  von    Schrenk : — Yes,    sir. 

The  President : — This  report  will  be  received  as  information.  Those 
who  wish  to  criticise  it  will  do  so  later.  There  is  no  further  report 
from  this  Committee,  except  their  recommendations  regarding  the  work 
for  next  year,  and  this  will  be  referred  to  the  Committee  on  Outline 
of   Work. 

Mr.  C.  E.  Lindsay  (New  York  Central)  : — Do  I  understand  that 
you   have  adopted  the  proposed  specifications  shown  on  page  412? 

The  President : — No ;  they  are  submitted  as  information.  You  will 
have  an  opportunity  during  the  year  to  criticise  them.  If  you  do  not 
criticise  them  during  the  year,  the  specifications  will  be  presented  prob- 
ably  in  this   same  shape  next  year   for  adoption. 

The  Committee  is  excused  with  the  thanks  of  the  Association. 
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(For  Report,  see  pp.  415-419.) 
LIST   OF    SPEAKERS    TAKING    PART    IN   DISCUSSION    ON    RECORDS    AND    ACCOUNTS. 

W.  A.  Christian. 

Mr.  W.  A.  Christian  (Interstate  Commerce  Commission)  : — Under 
the  heading  of  Revision  of  the  Manual,  your  Committee  makes  no  rec- 
ommendations other  than  those  made  last  year. 

As  to  the  conventional  signs,  your  Committee  hesitates  to  recom- 
mend any  changes,  but  have  submitted  a  few  tentative  symbols  for  dis- 
cussion.    These  are  shown  on  page  416. 

Your  Committee  offers  this  matter  as  information  and  requests 
your  criticisms.  If  the  symbols  shown  are  not  satisfactory,  the  Commit- 
tee would  appreciate  suggestions  for  substitutes. 

The  President : — If  the  members  have  any  criticisms  to  offer  on 
these  symbols  they  should  do  it  promptly,  while  it  is  fresh  in  their 
minds,  giving  the  Committee  the  benefit  of  any  suggestions  they  wish 
to  make. 

This  is  all  the  Committee  has  to  report,  and  it  will  be  excused  with 
the  thanks  of  the  Association. 
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(For    Report,    see    pp.    447-482.) 
list  of  speakers  taking  part  in  discussion  on  wood  preservation. 
Harl  Stimson.  Dr.  Hermann  von  Schrenk. 

The  President : — The  next  business  will  be  the  report  of  the  Com- 
mittee on  Wood  Preservation.  The  report  will  be  presented  by  Mr. 
Earl  Stimson,  Chairman. 

Mr.  Earl  Stimson  (Baltimore  &  Ohio)  : — Your  Committee  beg  leave 
to  submit  reports  on  three  of  the  subjects  assigned  by  the  Board  of 
Direction,  the  first  being  water  sampling  in  creosote  oil.  Dr.  von 
Schrenk,  to  whom  we  are  largely  indebted  for  this  contribution,  will 
present  that  portion  of  the  report. 

Dr.  Hermann  von  Schrenk  (Consulting  Timber  Engineer)  : — Our 
report  on  water  sampling  can  be  briefly  summarized  by  the  statement 
that  one  of  the  great  difficulties  that  has  been  found  in  the  creosote  in- 
dustry has  been  the  lack  of  definite  methods  of  sampling  tank  cars. 
Two  years  ago  a  special  committee  was  appointed  by  the  American 
Society  for  Testing  Materials,  at  the  request  of  many  tank-car  shippers. 
That  Committee  has  considered  the  subject  for  two  years,  and  has 
brought  in  a  report  which  says  practically  that  there  is  no  way  of  sam- 
pling tank  cars.  Our  Committee  was  of  the  opinion  that  possibly  all 
methods  for  doing  this  had  not  been  exhausted,  and  we  made  an  arrange- 
ment with  some  of  the  manufacturers  to  load  tank  cars  and  actually  put 
water  into  them.  We  followed  the  tank  cars  under  the  worst  possible 
conditions  of  temperature  and  climatic  conditions  from  the  point  of 
manufacture  to  the  railroad  plant.  In  our  present  report  we  summarize 
the  preliminary  results  obtained  from  this  first  test. 

We  offer  a  table  or  graphic  method  for  evaluating  samples  from  a 
tank  car,  and  give  the  results  of  analyses  of  a  number  of  samples.  It 
is  the  hope  of  the  Committee  that  by  next  year  these  experiments-will- 
have  been  conducted  on  a  larger  scale,  at  probably  a  half-dozen  points, 
with  different  materials,  and  we  will  be  able  to  give  more  definite  infor- 
mation on  the  subject.  The  reason  for  our  presenting  this  data  at  this 
time  is  that  the  various  companies  may  try  out  this  data  and  give  us  the 
benefit  of  any  result  they  see.  We  believe  we  are  on  the  right  track  in 
solving  a   rather   vexing  problem. 

Mr.  Stimson: — The  second  subject  assigned  is  on  the  relation  of  the 
amount  of  preserative  and  the  depth  of  penetration  to  the  resistance  of 
materials  against  decay.  We  have  made  a  progress  report  on  this  sub- 
ject. The  subject  will  be  continued  next  year  and  we  then  hope  to  offer 
definite    conclusions. 

The  President : — The  report  will  be  received  as  information,  and 
the  Committee  will  be  excused,  with  the  thanks  of  the  Association. 
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(For  Report,  see  pp.  483-600.) 
LIST    OF    SPEAKERS    TAKING    PART    IN    DISCUSSION    ON    RAIL. 


J.  A.  Atwood. 
A.  S.  Baldwin. 
G.  J.  Ray. 


John  G.  Sullivan. 
M.  H.  Wickhorst. 


The  President : — We  will  now  take  up  the  report  of  the  Committee 
on  Rail,  and  it  will  be  presented  by  Mr.  J.  A  Atwood,  the  Chairman  of 
the  Committee. 

Mr.  J.  A.  Atwood  (Pittsburgh  &  Lake  Erie)  : — In  presenting  the 
report  of  the  Rail  Committee,  we  wish  to  present  our  recommendations 
in  a  little  different  form  from  that  in  which  they  are  printed  on  page 
487.     We  offer  the  following  amendment : 

That  the  following  specifications  be  received  and  held  under  consid- 
eration during  the  coming  year  with  a  view  to  final  action  next  year: 

(1)  Specifications  for  Quenched  Carbon  and  Quenched  Alloy  Steel 
Joint  Bars,  recommended  above. 

(2)  Specifications  for  Medium  Carbon  Steel  Track  Bolts  with 
Nuts,  recommended  above. 

(3)  Specifications  for  Quenched  Carbon  and  Quenched  Alloy  Steel 
Track  Bolts  with  Nuts,  recommended  above. 

We  wish  to  submit  this  report  as  a  progress  report. 

Mr.  Wickhorst  will  now  make  some  statements  with  reference  to 
the  work  of  the  Committee. 

Mr.  M.  H.  Wickhorst  (Engineer  Tests,  Rail  Committee)  : — The  sta- 
tistics of  the  rail  failures  for  1914  were  issued  in  a  recent  Bulletin,  and 
the  compilation  of  the  rail  failures  for  1915  is  well  under  way.  The 
general  average  for  1915  for  the  whole  country,  including  both  Bessemer 
and  Open-hearth  rails,  is  given  in  table  herewith,  showing  the  failures 
for  100  track  miles  from  the  date  laid  until  October  31,  1915 : 


Year 
Rolled. 

Year's 

Service. 

0 

1 

2 

3 

4 

5 

1908 

398  1 

1909 

224.1 
152.7 
133.4 

277  8 

1910 

124.0 

104.4 

49.3 

198  5 

1911 

77.0 
32.1 
25.8 

1912 

28.9 

12.5 

8.2 

1913 

2.0 
1.2 
0.9 

1914 

1915 1 

It  will  be  noted  that  there  has  been  a  reduction  in  the  number  of 
failures  with  each  successive  year's  rolling,  and  the  detail  statistics  show 
this  to  be  due  partly  to  the  gradual  replacement  of  Bessemer   rails  by 
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Open-hearth  rails,  and  partly  to  the  improvement  in  the  record  of  both 
Bessemer  and  Open-hearth  rails. 

Probably  the  question  of  most  interest  at  the  present  time  is  the 
question  of  transverse  fissures.  Bulletin  184  contains  a  report  of  a  Sub- 
committee giving  the  state  of  information  on  the  subject  of  transverse 
fissures.  I  will  say  briefly  that  the  report  mentions  types  of  fissures 
and  gives  a  bibliography  on  the  subject  up  to  date.  The  literature  on 
the  subject  of  transverse  fissures  dates  from  the  time  of  Mr.  Howard's 
report  on  the  Manchester  wreck  on  the  Lehigh  Valley  Railroad ;  it  was  in 
that  report  that  the  term  "transverse  fissure"  was  first  used. 

Some  definite  statements  can  be  made,  although  the  problem  is  far 
from  being  solved.  These  transverse  fissures  seem  to  occur  practically 
indiscriminately  in  all  rails  of  the  ingot  and  with  rails  of  perfectly  good 
chemistry,  so  that  we  have  reached  the  stage,  I  think,  where  these  two 
questions  can  be  eliminated   from  the  problem. 

The  next  subject  for  solution  is  the  question  whether  the  fissures 
are  in  any  way  due  to  the  physical  condition  of  the  material.  There  is 
very  little  work  which  has  been  done  on  that,  which  is  sufficiently  defi- 
nite, so  that  no  conclusions  whatever  can  be  drawn,  but  this  point  has 
been  shown  up  in  the  few  results  available,  namely,  that  the  ductility  of 
the  metal  in  the  rail  section  is  generally  good  in  all  parts  of  the  section 
except  in  the  interior  of  the  head.  However,  these  results  were  obtained 
from  material  that  has  been  in  service,  and  whether  the  material  was 
originally  that  way  or  not,  the  work  so  far  does  not  in  any  way  show. 

The  question  we  are  up  against  now  for  solution,  at  this  stage  of  the 
game,  is,  What  was  the  physical  condition  of  the  material  in  the  interior 
of  the  head?  If  that  is  perfectly  normal,  why,  then,  the  problem  has 
been  advanced  a  little  further,  and  we  must  look  for  service  conditions 
entirely  as  the  cause  of  the  trouble.  If,  on  the  other  hand,  that  material 
is  deficient  in  ductility,  then  we  may  look  for  the  source  of  the  trouble 
in  that  condition.  After  we  have  definitely  settled  that  point,  which  may 
take  quite  a  while  to  do,  we  will  be  ready  to  proceed  more  effectively 
toward  a  remedy. 

Mr.  A.  S.  Baldwin  (Illinois  Central)  : — I  ask  Mr.  Wickhorst  if  he 
thinks  the  forms  of  report  gotten  out  by  the  Rail  Committee  and  now, 
I  believe,  pretty  generally  used,  or  else  used  in  some  modified  form  by 
the  railroads,  has  had  any  influence  on  the  percentage  of  breakages  as 
reported;  in  other  words,  my  general  idea  has  been  that  the  systematiz- 
ing of  the  reports  would  probably  show  a  greater  number  of  failures 
than  had  been  shown  before,  and  if  that  is  the  case,  and  there  has  been 
still  a  gradual  decrease  in  the  percentage  of  failures,  it  is  all  the  more 
in    favor  of  the  actual   conditions. 

Mr.  Wickhorst: — Yes,  that  is  the  impression  I  have  formed.  It  is 
also  true  that  the  reports  are  coming  in  much  more  complete  than  for- 
merly, and  in  a  much  more  satisfactory  condition. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  :— There  is  one  subject  I 
would  like  some  information  on  which   is  rather  important.     About  ten 
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years  ago  we  began  to  use  high  carbon  joint  bars,  and  we  had  to  punch 
them  hot.  Eight  years  ago  we  made  specifications  requiring  these  bars  to 
be  punched  from  the  inside  out,  the  object  being  to  get  a  good  bear- 
ing for  the  head  _of  the  bolt  and  nut.  I  note  in  paragraph  (b),  page 
489,  that  all  bolt  holes  shall  be  punched  in  one  operation  without  bulg- 
ing or  distorting  the  section.  In  punching  a  bar  hot  that  is  an  impossi- 
bility, and  I  was  wondering  if  the  Committee  had  any  information  as  to 
what  mills  would  punch  the  bars  from  the  inside  out.  This  year  the 
mills  have  refused  to  comply  with  our  specifications. 

The  President: — Is  there  any  objection  to  punching  from  one  side 
or  the  other  as  long  as  the  specification  is   complied   with? 

Mr.  Sullivan: — No,  but  that  is  an  utter  impossibility.  You  cannot 
drive  a  punch  into  hot  metal  without  some  flow  of  the  metal.  I  think 
the  Committee  should  study  that  question,  and  if  they  find  it  cannot  be 
done,  that  they  specify  these  bars  be  punched  by  a  method  which  would 
give  a  good  bearing  for  the  nut  and  the  head  of  the  bolt. 

Mr.  Baldwin : — I  will  state  that  in  the  design  of  a  new  angle  bar 
used  by  the  Illinois  Central  Railroad,  I  felt  the  point  raised  by  Mr.  Sulli- 
van was  an  important  one,  and  so  specified  when  the  specifications  were 
first  put  out.  One  company  agreed  to  it  without  objection.  Another 
company  objected  to  it,  although  they  had  taken  the  contract,  and  said 
there  was  really  nothing  gained  by  it.  I  was  skeptical  at  first  about  it, 
but  they  sent  me  a  number  of  samples  and  we  inspected  the  samples  and 
measured  them  accurately  and  compared  them  with  the  bars  punched 
from  the  inside,  and  we  came  to  the  conclusion  the  question  was  imma- 
terial and  we  have  not  been  insisting  upon  it.  Some  mills  prefer  to 
punch  from  one  side  and  some  from  the  other,  and  I  do  not  believe 
there  is  any  material  difference. 

Mr.  Sullivan : — We  found  a  difference,  especially  as  the  bars  get 
heavier. 

The  President : — The  Committee  would  like  to  have  information  of 
the  experience  of  members  on  this  point  so  that  the  matter  may  be 
given   consideration    during  the   year. 

You  have  heard  the  amendments  to  the  specifications  presented  by 
the  Chairman  of  the  Committee. 

(The  amendments  were  adopted.) 

Mr.  G.  J.  Ray  (Delaware,  Lackawanna  &  Western)  : — I  would  like, 
as  a  matter  of  information,  to  find  out  to  what  extent  Mr.  Wickhorst 
found  the  failures  progressive  in  the  rails  of  any  particular  year.  We 
have  found  with  the  open-hearth  rails  rolled  in  1908  to  1910,  inclusive, 
that  the  failures  have  increased  very  rapidly  as  the  rails  aged  in  service. 
In  17,500  tons  of  rail  rolled  at  one  mill  during  1910  there  were  no  fail- 
ures at  all  the  first  year  the  rail  was  in  the  track.  During  the  second 
year  the  rail  was  in  service  there  were  19  failures  in  the  17,500  tons. 
During  the  third  year  about  40.  The  fourth  year  about  80,  and  the  fifth 
year  169  failed.  In  other  words,  they  nearly  doubled  each  year.  The 
rail  in  question  was  a  20  per  cent,  discard  rail,  and  the  "A"  rails  were 
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all  laid  separately  on  slow  track.  In  other  words,  all  rails  below  the 
"A"  rails  were  in  reality  40  per  cent,  discard  rail.  We  have  had  more 
transverse  fissures  with  the  B,  C,  and  D  rails  than  with  the  A  rails. 

The  President: — Of  all  mills? 

Mr.  Ray: — Yes,  generally  speaking,  although  in  the  case  of  some 
mills  we  have  more  failures  than  others,  and  the  rail  rolled  at  the  same 
time  at  other  mills  show  no  transverse  fissures.  I  mention  this  to  learn  if 
Mr.   Wickhorst   found  that  progressive   failure  in  the  rail. 

The   President: — How   many  years   does   this   cover? 

Mr.  Ray : — Five  years.  The  same  thing  was  true  with  our  1908 
and  1909  rail,  all  of  which  has  now  been  taken  out  of  service. 

The  President: — If  there  are  no  further  suggestions  you  have  to 
make  to  this  Committee,  it  will  be  excused  with  the  thanks  of  the 
Association. 


DISCUSSION  ON  ECONOMICS  OF  RAILWAY  LOCATION. 

(For  Report,  see  pp.   603,  604.) 

LIST   OF   SPEAKERS    TAKING    PART   IN    DISCUSSION    ON    ECONOMICS    OF   RAILWAY 

LOCATION. 

John  G.  Sullivan. 

The  President : — The  next  business  is  the  report  of  the  Committee 
on  Economics  of  Railway  Location.  The  report  will  be  presented  by  Mr. 
John  G.   Sullivan,  the  Chairman  of  the   Committee. 

Mr.  John  G.  Sullivan  (Canadian  Pacific)  : — The  Committee  must 
apologize  for  not  doing  much  work  this  year.  There  was  considerabble 
work  done  last  year.  At  a  meeting  held  yesterday  it  was  decided  to  ask 
the  Association  to  bear  with  the  Committee  and  reassign  the  subjects  that 
were  assigned  last  year  and  we  will  promise  to  do  better. 

The  President: — I  like  to  hear  from  a  Committee  that  has  the  cour- 
age to  ask  for  more  time,  once  in  a  while.  Are  there  any  suggestions 
you  have  to  make  to  this  Committee?  If  there  is  no  discussion  and  no 
suggestions,  the  Committee  is  excused. 
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Written   for 

INTERNATIONAL  RAILWAY  CONGRESS  ASSOCIATION 

NINTH  SESSION 

which   was  to   have   been    held   in 

BERLIN,    1915. 

SECTION  1.— WAV  AND  WORKS. 

QUESTION  III. 

SPECIAL  STEELS. 


USE  OF  SPECIAL  STEELS,  BOTH  FOR  THE  TRACK 
GENERALLY,  AND  IN  PARTICULAR  FOR  THE 
TRACK  APPLIANCES    fPOINTS,   CROSSINGS,  ETC.) 


Reporter: 

America. — Mr.    W.    C.    Cushing,    Chief    Engineer    Maintenance    of 
Way,   Pennsylvania   Lines. 


PREFACE. 

The  writer  of  this  report  received  a  letter  dated  May  29,  1912,  from 
Mr.  L.  Weissenbruch,  Secretaire  General  of  the  Permanent  Commission 
of  the  International  Association  of  the  Railway  Congress,  informing  him 
of  his  selection  as  "reporter''  for  America  on  the  subject  of  "Special 
Steels"  (Question  ITI)  for  presentation  to  the  Congress,  which  was  to  be 
held  in  Berlin  in  1915. 

The  initiative  being  taken  by  Herr  Bela  Vesz,  a  list  of  queries  was 
prepared  by  the  reporters  for  all  countries  on  the  same  question  (Question 
J II),  in  cooperation,  and  issued  by  the  General  Secretary  to  the  railway 
members  of  the  Congress  Association. 

The  roster  of  reporters  on  Question  III  was  as  follows: 

(1)  Countries  belonging  to  the  "Verein  Deutscher  Eisenbahn-Vcr- 

waltungen." — Herr  Bela  Vesz,  Inspektor  der  kon.-unga- 
rischen  Staatsbahnen,  of  Budapest,  Hungary. 

(2)  France. — M.  Mesnager,  ingenieur  en  chef  des  ponts  et  chaussees, 

professeur  et  directeur  du  laboratoire  d'essais  de  l'ecole  des 
ponts  et  chaussees,  et  repetiteur  a  l'ecole  polytechnique,  of 
Paris,  France. 

(3)  America. — Mr.  W.  C.  Cushing,  Chief  Engineer  of  Maintenance 

of  Way,  Pennsylvania  Lines,  of  Pittsburgh,  Pa. 

(4)  Other  countries. — M.   Sand,  vice-president  de  la  direction  gen- 

erate des  Chemins  de  fer  federaux  suisses,  of  Berne,  Switz- 
erland. 

From  the  information  given  in  the  answers  to  the  queries  in  the  cir- 
cular, and  from  additional  correspondence,  the  writer's  report  was  pre- 
pared and  forwarded  to  the  General  Secretary  at  Brussels,  Belgium, 
March  30,  1914,  and  its  receipt  at  its  destination  was  acknowledged  by 
him. 

None  of  the  reports  has  been  published  in  the  Bulletin  of  the  Con- 
gress, but  that  of  M.  Sand  had  been  set  up  in  type,  and  a  proof  copy  sent 
to  the  reporters. 

The  writer  has  been  informed  by  a  member  of  the  Permanent  Com- 
mission that  the  organization  of  the  General  Secretary  in  Brussels  has 
been  broken  up  by  the  great  war  now  being  waged  in  Europe,  and  that 
consequently  it  will  be  quite  proper  to  publish  the  report  in  the  Bulletin 
of  the  American  Railway  Engineering  Association. 

The  report  is  a  compilation  of  results  obtained  from  practices  and 
tests  of  American  railways,  and,  in  addition,  describes  some  practices 
rather  minutely  in  order  to  clear  up  some  misapprehensions  on  the  part 
of  foreign  Engineers. 

\Y.  C.  Cushing. 
Pittsburgh,  Pa.,  January  8,   1915. 


REPORT 

By  W.  C.  Cushing, 

Chief  Engineer  Maintenance  of  Way,  Pennsylvania  Lines. 

REVISIONARY. 

When  Mr.  Cartault,  one  of  the  distinguished  Reporters  on  Question 
III,  "Points  and  Crossings,"  at  the  Sixth  Session  of  the  International 
Railway  Congress,  at  Paris,  in  the  year  1900,  submitted  the  subjoined 
"conclusion"'  which  was  adopted  by  the  Congress,  spring  frogs  were  at 
the  high  tide  of  their  successful  use  by  the  railways  of  the  United  States : 

"Spring  crossings  or  other  appliances  which  do  away  with 
the  gap  at  the  frog  are  not  used  by  the  European  railways  to 
whom  we  have  applied  for  information.  Such  crossings  are  used 
in  the  United  States,  but  the  data  available  are  not  sufficient  to 
enable  us  either  to  criticize  or  recommend  them.  Interesting  in- 
vestigations could  be  made  on  the  subject,  and  there  is  no  doubt 
that  it  would  be  a  considerable  step  in  advance  if  such  a  cross- 
ing were  worked  out,  which  was  solid  and  strong,  and  satisfied 
all  the  requirements  of  modern   traffic." 

As  a  matter  of  fact,  such  frogs,  which  were  "solid  and  strong,"  had 
been  worked  out  for  the  railways  of  the  United  States,  and  had  been 
in  use  by  the  most  important  administrations  for  many  years,  that  is, 
from  the  period  between  1870  to  1880,  although  several  patents  date  back 
to  1858.*  Some  types  of  them  were  illustrated  by  Mr.  Cartault  in  his 
report. f  They  have  given  in  the  past  excellent  satisfaction,  and  for  many 
locations  their  use  is  yet  very  desirable,  for  they  close  the  gap  of  the  frog 
at  turnouts  and  crossovers  (see  Figs.  1  and  2,  illustrating  the  track  terms 
used  in  the  United  States  and  Canada),  thus  making  the  main  track  rail 
practically  continuous  through  the  frog,  with  the  resultant  good  effects 
of  smooth  riding,  and  diminished  wear  and  tear  to  the  rolling  stock  and 
the  track.  When  passing  through  the  turnout,  there  is  the  usual  gap,  but 
this  movement  is  less  frequent  and  at  slower  speed  than  on  the  main 
track.  For  use  in  freight  assembling  yards,  the  "double  or  twin  spring 
frog,"  or  "sliding  spring  frog,"  with  both  wing  rails  movable,  thus  closing 
the  gap  on  either  side,  according  to  the  route  of  the  wheel,  has  been  de- 
vised, and  is  extensively  used  with  great  economy  and  satisfaction.  One 
type  was  illustrated  by  Mr.  C.  W.  Buchholz,  Reporter  on  Question  III, 
"Improved  Rail  Crossings,"  at  the  Seventh  Session  at  Washington,  in 
I90S4 


*International  Ry.    Cong.    Proceed.     Seventh   Session,    1905,   Vol.    1,    p.    14, 
Question  III. 

•  International  Ry.   Cong.   Proceed.     Sixtli   Session,   1900,   Vol  1. 

^International  Ry.   Cong.   Proceed.     Seventh  Session,   1905,  Vol.  1. 
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DIAGRAMS     ILLUSTRATING 
TRACK    TERMS 
IN    USE   IN 
THE   UNITED   STATES  AND   CANADA. 


-Switch  Points 


Main  Track - 


Turnout. 


Mam  Track  or  any  Side  Track 


Crossover. 


Double  Crossover. 
Fig.  I. 
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DIAGRAMS     ILLUSTRATING 
TRACK    TERMS 
IN  USE   IN 
THE  UNITED  STATES   AND  CANADA. 


Slip  Switch' 
Movable  Paint  Froc 


Movable  Point  Frog 
lip  Switch 


Double    Slip    Crossing. 
Fig.2. 
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At  that  session,  at  Mr.  Buchholz's  suggestion,  a  resolution  was 
adopted  by  the  Congress  that  the  spring  frog  could  be  used  with  perfect 
safety  on  all  main  lines  carrying  heavy  traffic  with  axle  loadings  on  the 
locomotive  of  over  50,000  lbs.,  and  with  loads  on  the  rolling  stock  as  high 
as  40,000  lbs.  per  axle. 

Thus,  the  value  of  the  spring  frog  was  finally  recognized  by  the  Con- 
gress, but  nevertheless  its  use  does  not  seem  to  have  been  extended  to 
European  countries,  possibly  because  of  its  limitations.  It  cannot,  of 
course,  be  used  for  crossings  where  the  service  required  under  a  heavy 
train  at  high  speed  is  most  severe,  and  it  was  not  advisable  to  use  it  at 
turnouts  and  crossovers  where  the  switch  points  were  moved  or  operated 
by  an  interlocking  machine  in  a  tower  or  cabin,  because  the  train  speed 
was  apt  to  be  too  great. 

In  consequence,  therefore,  of  the  increasing  weights  of  rolling  stock, 
and  the  rapidly  expanding  use  of  interlocking  plants  for  controlling 
switch-point  movements  since  about  1890,  on  account  of  the  growing  den- 
sity of  traffic  and  the  necessity  for  greater  safety,  as  indicated  by  Table 
I,  attention  had  to  be  turned  towards  the  invention  of  new  appliances  or 
material  for  the  places  where  the  spring  frogs  could  not  be  used.  Cross- 
ing frogs  with  sliding  wedges,  and  turnout  frogs  with  movable  points,  to 
close  the  gap  during  the  passage  of  wheels  have  been  invented  and  tried 
to  a  limited  extent,  but  have  not  yet  come  into  general  use.  The  most 
attention  has,  therefore,  been  given  to  the  improvement  of  the  material 
used  in  frogs,  and  as  such  improvement  is  equally  necessary  for  rails,  its 
suitability  for  both  uses  has  been  considered  at  the  same  time.  This  has 
led  to  the  trials  of  "special  steels"  and  "special  process  steels"  for  the 
solution  of  the  difficulty,  and  it  was  the  desire  of  the  Congress  Association 
to  learn  of  the  progress  made  in  this  study  by  the  different  railway  ad- 
ministrations which  caused  the  Permanent  Commission  to  assign  the  sub- 
ject of  "Special  Steels"  to  your  reporters. 

In  making  up  Table  I,  three  of  the  Eastern  railways  which  have  a 
very  heavy  and  dense  traffic  have  been  selected,  in  order  to  show  the 
magnitude  of  the  business  and  its  enormous  increase.  It  is  always  on 
such  lines  that  the  necessity  for  changes  and  improvements  in  appliances 
first  becomes  apparent.  The  Table  also  shows  the  maximum  axle-loads 
of  freight  and  passenger  locomotives  for  each  five-year  period  since  1890 
(when  known),  and  the  locomotives  in  use  in  1890  and  at  the  present 
time  are  illustrated  in  Figs.  3  to  12,  in  order  to  give  a  graphical  repre- 
sentation of  the  great  advances  made,  thus  making  it  still  clearer  why 
better  and  stronger  appliances  have  become  necessary.  The  1912  passenger 
locomotive  of  the   Pennsylvania  Railroad  is  not   in   general  use,  but   sev- 
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eral  are  now  in  service,  and  it  is  the  intention  to  continue  their  construc- 
tion. 

The  usual  plan  of  sending  a  list  of  questions  to  the  several  railwa\ 
administrations  has  heen  followed,  and  this  list  is  reproduced  in  Appen- 
dix A. 

The  names  of  the  companies  to  which  the  questions  were  sent  by  the 
General  Secretary  of  the  International  Railway  Congress  Association 
are  given  in  Appendix  B.  Those  whose  names  are  prefixed  by  the 
letter  R  have  sent  replies.  Information  was  also  requested  by  your  Re- 
porter  from  some  of  the  frog  and  switch  manufacturers,  listed  in  Ap- 
pendix C,  and  their  responses  have  been  generous. 

In  neither  case  did  a  tabulation  of  the  answers  seem  to  be  the  best 
plan  to  follow  in  presenting  the  data,  but  the  information  has  been  made 
use  of  in  the  following  discussion  and  liberal  quotations  made.  The  ex- 
perience had  by  the  different  railway  administrations  has  been  reported 
chiefly  by  the  United  States,  as  very  little  information  was  obtained  from 
the  Central  and  South  American  countries,  and  only  two  railways  in 
Canada  were  requested  to  furnish  answers,  the  Grand  Trunk  and  the 
Quebec   Central. 
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KINDS  OF  SPECIAL  STEELS. 

The  different  kinds  of  special  steels  in  use,  or  undergoing  trial,  may 
be  divided  under  two  heads  : 

A.  Special  Alloy  Steels. 

B.  Special  Process  Steels. 

A.  Special  Alloy  Steels. — Under  the  first  head  are  included  Man- 
ganese, Nickel,  Nickel-Chromium,  High  Carbon  (that  is,  steel  containing 
0.75  per  cent,  of  carbon  or  over),  and  High  Silicon.  Two  or  more  of 
these  have  been  combined,  in  some  instances,  as,  for  instance,  high  car- 
bon with  nickel  and  chromium.     Silicon  is  present  in  all  carbon  steel  rails. 

B.  Special  Process  Steels. — By  this  term  is  meant  the  steel  products 
derived  from  special  heat  treatment,  or  by  the  addition  of  metalloids 
which  do  not  appear  in  the  test  analyses  of  the  resulting  product.  Such 
are  the  so-called  Titanium-treated,  Aluminum,  Electric  Process  and  Heat- 
treated  steels. 

The  object  of  their  use  (Appendix  A,  Question  2-a)  has  been  in  all 
cases  to  bring  about  additional  safety,  economy  in  maintenance  by  reduc- 
ing the  number  of  renewals,  and  smoother  passage  for  trains  at  high 
speeds,  over  the  gaps  of  frogs,  and  at  drawbridges. 

It  has  been  otherwise  expressed  in  the  following  words  by  Dr.  P.  H. 
Dudley,  Consulting  Engineer  of  the  New  York  Central  Lines  : 

"1.  To  obtain  metal  of  sufficient  physical  properties  to  sustain  the 
increased  wheel-load  pressure  intensities  in  the  bearing"  surface  of  the 
head  incident  to  the  lessened  deflection  of  the  stiffer  75  lbs.,  80  lbs.  and 
100  lbs.  per  yard  rails,  and  reduced  length  of  the  area  of  the  contact  of 
the  wheels  on  the  rail  heads. 

"2.  To  obtain  metal  of  high  resistance  to  flange  abrasion  of  the 
wheels  upon  curves. 

"3.  To  obtain  metal  of  a  large  duration  time  factor  in  the  sections 
as  girders  to  distribute  the  strains  of  the  passing  wheels  without  detail  or 
sudden  fracture  in  low  temperatures." 

Some  of  the  special  steels  have  been  used,  or  are  in  use,  for  frogs  of 
all  kinds,  switch-points,  guard  rails,  drawbridge  locks  and  rails,  while 
others  have  found  their  field  of  usefulness  principally  for  rails  and  bridge 
steel  superstructures.     (Appendix  A,  Question  3-a.) 
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A.  SPECIAL  ALLOY  STEELS. 

I.  MANGANESE  STEEL. 

(a)     Manganese  Steel  for  Frogs,  Switch-points,  Guard-rails,  Etc. 

INTRODUCTORY. 

At  the  Seventh  Session  of  the  Congress  in  Washington  in  1905.  at 
which  the  spring  frog  received  its  real  recognition,  the  manganese  frog 
was  introduced  to  the  session  hy  Mr.  Buchholz  in  the  following  words  :* 

"Coming  to  that  point,  one  of  the  reasons  why  the  'Fixed  Frog'  has 
become  so  much  in  disrepute  is  its  rapid  wear  under  the  blows  from  heavy 
trains  passing  over  the  gap.  Recent  inventions  introducing  the  'Man- 
ganese Steel  Frog'  do  avoid  this  rapid  wear,  and  since  everybody  admits 
that  in  a  long  frog,  when  new,  the  shock  of  passing  over  it  is  hardly  per- 
ceptible, this  new  material  preventing  wear  has  come  to  be  considered  a 
valuable  substitute  for  the  spring  rail  frog  at  all  points  of  junctions  where 
rapid  movement  from  one  track  to  another  is  necessary." 

At  that  session  many  will  doubtless  remember  the  Manganese  frogs 
which  were  exhibited  at  the  National  Railway  Appliance  Association's 
very  complete  display  of  all  kinds  of  track  material. 

Since  that  time  the  use  of  Manganese  for  frogs  and  switch-points  has 
grown  very  fast,  and  it  was  made  the  subject  of  his  recommended  con- 
clusion by  Mr.  W.  G.  Besler,  Reporter  for  America  on  Question  111, 
"Junctions  and  Swing-Bridges,"  at  the  Eighth  Session  of  the  Congress, 
at  Berne,  in  1910,  in  the  following  words : 

"That  at  junctions  and  crossings,  traversed  at  high  speed,  rigid  frogs 
of  'Manganese'  or  other  hard  steel  be  used." 

This  conclusion  was  rejected  by  the  section,  but  it  was  decided  at  the 
general  meeting  that  "it  is  of  great  interest  to  place  the  questions  of  the 
material  and  of  the  construction  of  such  crossings  on  the  agenda  for  the 
next  session  of  the  Congress." 
Frogs: 

The  special  steel  which  is  now  most  extensively  used  in  the  United 
States  and  Canada  for  frogs,  crossings  and  switch-points,  outside  of 
those  built  up  from  the  usual  Bessemer  and  Open-Hearth  steel  rails,  is 
Manganese.  It  is  also  being  used  experimentally  in  some  South  American 
countries,  especially  those  where  the  railroads  are  under  English  man- 
agement. 

In  the  United  States  and  Canada,  it  is  no  longer  the  practice  for  rail- 
way administrations  to  manufacture  their  own  track  material,  although, 


♦Proceedings   International   Ry.    Cong.    Assoc.      Seventh    Sess.,    1905,    Vol. 
1,  p.  5,   Question  III. 
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in  former  years,  it  was  often  the  general  custom  <>t"  num.  companies. 
Now  the  manufacture  of  frogs,  crossings  and  switch-points  is  almost  en- 
tirely in  the  hands  of  manufacturers  not  connected  with  the  railway  com- 
panies. In  some  cases  the  railway  company  has  a  financial  interest  in  one 
or  more  companies  which  manufacture  frogs  and  switch-points  for  the 
general  trade,  and  a  few  railway  companies  still  make  their  own. 

The  reporter,  therefore,  has  obtained  a  great  deal  of  the  detailed  in- 
formation herein  given  from  those  companies,  and  acknowledges  his  in- 
debtedness to  their  kindness. 

Nearly  all  of  the  frog  and  switch  manufacturers  are  operating  under 
the  patents  of  Sir  Robert  A.  Hadfield  of  Sheffield,  England,  or  of  Edgar 
Allen  &  Co.,  Ltd.,  Imperial  Steel  Works,  Sheffield,  England,  represented 
in  the  United  States  by  Edgar  Allen  American  Manganese  Steel  Company. 

The  Hadfield  patents  are  the  earliest  in  use,  and,  as  they  were  ex- 
clusively controlled  in  the  United  States  by  The  Taylor-Wharton  Iron  & 
Steel  Company  and  Wm.  Wharton,  Jr.,  &  Co.,  Incorporated,  affiliated 
companies,  we  must  look  to  them  for  the  early  history  of  its  development. 
The  statement  following  is  largely  in  the  words  of  Mr.  V.  Angerer,  Vice- 
President  and  General  Manager  of  the  latter : 

"In  1892,  the  first  heat  of  Manganese  steel  in  the  United  States  was 
run  off  by  The  Taylor-Wharton  Iron  &  Steel  Co.  (present  name),  of 
High  Bridge,  N.  J.,  as  the  sole  licensees  under  the  patents  of  R.  A.  Had- 
field, the  discoverer  of  Manganese  steel  and  its  peculiar  properties.  The 
castings  made  were  for  special  purposes  other  than  track  work. 

"In  the  latter  part  of  1893,  Wm.  Wharton,  Jr.,  &  Co.,  Inc.,  had  its 
attention  called  to  Manganese  steel  as  manufactured  by  the  Taylor  Com- 
pany, by  Dr.  H.  M.  Howe  of  Boston,  and  on  August  28,  1894,  a  frog  with 
a  cast  Manganese  steel  plate  set  in  the  center  was  installed  at  Fulton 
Street  and  Boerum  Place,  in  the  city  of  Brooklyn,  which  was  then  known 
as  the  worst  place  for  rapid  wear  of  track  material  under  street  railway 
electric  cars,  and  is  the  first  authentic  use  of  Manganese  steel  in  track 
work.  The  expectations  for  the  superiority  of  this  metal  were  more  than 
fulfilled,  and  its  use  for  street  railway  work  rapidly  extended. 

"In  1899,  Mr.  H.  B.  Nichols,  Engineer  of  the  Union  Traction  Com- 
pany of  Philadelphia,  designed  a  crossing  for  street  railways  over  steam 
railroad  tracks  at  grade  with  a  solid  cast  Manganese  steel  rail  of  a  heavy- 
box  section  for  the  steam  railroad  track,  but  the  doubts  of  the  steam  rail- 
road engineers,  on  the  score  of  safety,  about  the  use  of  a  'casting'  in 
their  tracks  under  the  traffic  of  heavy  locomotives,  had  to  be  overcome. 
Not  until  after  a  committee  of  Engineers  of  the  Pennsylvania  Railroad 
and  the  Philadelphia  &  Reading  Railway  had  witnessed  a  series  of  ex- 
tremely severe  tests  was  the  permission  obtained,  and  this  installation 
constitutes  the  first  instance  of  the  use  of  Manganese  steel  in  steam  rail- 
road tracks,  but  in  a  city  street  where  the  movement  was  slow. 
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"Almost  simultaneously,  however,  through  previous  negotiations  with 
the  Engineers  of  the  Pennsylvania  Railroad,  a  solid  cast  Manganese  steel 
frog  was  installed  in  the  terminal  tracks  at  the  Broad  Street  Station, 
Philadelphia,  on  March  u,  1900,  hut  it  was  located  where  the  traffic  was 
not  severe,  and  was  subsequently  moved  to  a  place  where  an  ordinary 
Bessemer  frog  lasted  less  than  three  months.  The  record  of  service  is 
given  in  Fig.  13.  It  was  not  until  two  years  later  that  the  performance 
of  this  frog,  and  some  others  which  had  been  installed  on  other,  railroads, 
attracted  sufficient  interest  for  their  more  extensive  introduction.  The 
rail-bound,  or  built  up,  frog  had  in  the  meantime  been  designed  to  over- 
come in  part  the  misgivings  against  the  use  of  castings  in  steam  railway 
tracks,  and  in  part  the  short  length  of  solid  cast  frogs,  and  in  the  years 
1902  and  1903  the  Pennsylvania  Railroad  installed  nearly  3,000  of  the  rail- 
bound  frogs  and  crossings,  other  railroads  at  the  same  time  purchasing 
freely." 

Fourteen  of  the  Manganese  frogs  purchased  in  1901  were  still  in  use 
in  the  main  tracks  in  1912.  At  Moore,  on  the  Maryland  Division,  are 
ten  Manganese  frogs,  laid  in  1903,  which  were  still  in  use  in  1912  and 
were  estimated  by  the  Track  Foreman  to  have  a  life  of  eight  more  years. 

"The  first  rail-bound  Manganese  steel  crossing  was  furnished  for  the 
Pennsylvania  Railroad  at  Dillerville,  Pa.,  in  June,  1902,  where  Bessemer 
frogs  lasted  about  six  months,  and  parts  of  it,  and  quite  a  number  of 
frogs  furnished  in  those  years  were  still  in  use  in   1913. 

"The  first  Manganese  steel-pointed  switch,  with  long  point,  was  fur- 
nished to  the  Interborough  Rapid  Transit  Company  of  New  York  City, 
in  July,  1905. 

"The  first  movable  point  crossing  with  Manganese  steel  knuckle  rails 
was  furnished  to  the  Philadelphia  &  Reading  Railway  in  August,  1905. 

"The  first  movable-point  crossing  with  Manganese  steel  knuckle  rails 
and  Manganese  steel  points  was  furnished  to  the  Pennsylvania  Lines 
West  of  Pittsburgh,  Southwest  System,  in  October,  1905." 

Along  about  1904,  the  first  patent  of  Hadfield,  simply  covering  an 
alloy  with  percentage  of  Manganese  stated,  expired,  and  anyone  can  now 
make  the  alloy,  but  if  not  properly  heat-treated  it  loses  its  value  for  the 
purpose  desired.  Manganese  steel  frogs,  switch-points  and  crossings  are 
therefore  now  made  by  many  other  frog  and  switch  companies,  but  only 
a  few  up  to  the  present  time  have  made  their  own  castings.  The  greater 
number  have  purchased  their  castings  from  the  Edgar  Allen  American 
Manganese  Steel  Co.  of  Chicago,  111. 

In  the  year  1913,  the  Manganese  steel  foundries  of  this  country  had 
a  capacity  of  about  60,000  tons  annually,  and  the  most  of  the  development 
had  been  within  the  past  eight  years. 

The  prime  characteristics  of  Manganese  steel  are  of  very  great 
strength,  toughness  and  resistance  to  abrasive  forces,  and  these  qualities 
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Manganese  Steel  Xo.  8  frog,  8ylb.  rail.  Put  in 
track  March  n,  1900.  Removed  from  track 
April  27,  1904.  In  service  4  years,  47  days. 
Maximum  life  of  ordinary  frog  in  same  place, 
three  months.  Photograph  taken  April  27, 
1904. 


/  %  3^  \ 


Frog  again  removed  from  track 
September  2,  1906,  after  a 
period  of  2  years,  64  days, 
making  total  service  6  years, 
in  days,  or  over  twenty-five 
times  as  long  as  the  Bessemer 
Steel  Frog  under  same  con- 
ditions. Wear  of  frog  at 
point  only  amounts  to  7-16  of 
an  inch.  Photograph  taken 
November    5,    1906. 


Amount  of  wear  at  point  5-16  of 
an  inch  when  removed  from 
track  after  having  outlasted 
nearly  seventeen  ordinary  Bes- 
semer Steel  Rail  Frogs.  Photo- 
graph   taken    April    27,     1904. 


Same  frog  restored  to  perfect  surface  and  condi- 
tion, practically  as  good  as  new.  Again  put 
in  service  in  same  place  June  30,  1914.  Photo- 
graph taken  October  22,  1904. 

Fig.  13. 


Record  of  Wear  of  the  First  M'anganese  Steel  Frog  on  the  Pennsyl- 
vania Railroad. 
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are  imparted  by  the  increase  of  the  Manganese  and  carbon  contents  in 
carbon  steel  to  certain  proportions,  which  were  first  made  known  to  the 
scientific  world  by  the  Hadfields.  The  Manganese  must  lie  between  the 
limits  of  8  per  cent,  and  35  per  cent.  If  between  7^  and  5x/2  per  cent, 
the  alloys  are  extremely  weak  and  brittle.*  "The  upper  limit  is  partially 
determined  by  the  cost  of  Manganese  metal,  which  is  50  cents  per  ton  unit, 
when  the  addition  is  made  by  means  of  ferro-manganese.  Also  the  high 
carbon  content  of  ferro-manganese  interferes  with  the  physical  prop- 
erties induced  by  the  Manganese.  When  enough  ferro-  is  added  to  make 
a  steel  with  Manganese  20  per  cent.,  the  carbon  begins  once  more  to  domi- 
nate and.,a  steel  results  which  is  stiff  and  brittle  when  cold,  and  unwork- 
able when  hot." 

Ferro-manganese  is  a  compound  containing  about  80  per  cent,  of  the 
element  Manganese,  and  is  mined  chiefly  in  Russia.  It  is  imported  into 
the  United  States  from  (in  order  of  rank  in  1906)  India,  Brazil,  Russia, 
Cuba,  Germany,  Japan,  Belgium,  United  Kingdom  and  Canada.  The 
proper  chemical  composition,  therefore,  compared  with  Bessemer  and 
Open-Hearth  rail  steels,  in  order  to  impart  the  required  characteristics, 
has  been  determined  to  be,  in  percentages,  within  the   following  limits  : 

TABLE  II. 


Kind  of  Steel 

Manganese 

Carbon 

Phosphorus 

Silicon 

Sulphur 

Manganese  Steel 

Bessemer  Steel 

Open-Hearth  Steel 

11-13 
0.80-1.10 
0.60-0.90 

1.0-1.20 
0.45-0.55 
0.62-0.75 

0.06-0.11 
Not  to  exceed  0.10 
Not  to  exceed  0.04 

0.25-0.40 
Not  to  exceed  0.20 
Not  to  exceed  0.20 

0.02-0.06 

The  following  limits  are  used  by  different  manufacturers  and  railway 
companies : 

TABLE  III. 


Manufacturer 

Manganese 

Carbon 

Phosphorus 

Silicon 

Sulphur 

Win.  Wharton,  Jr.,  &  Co. . . . 
Edgar  Allen  Am.  Mang. 

10-13 

11-13! 

12| 

12 

12J 

10.50-14.50 

1.00-1.40 

1.25 

1  25 

0.95-1.30 

Below  0.1 

About  0.08 
0.065 

0.20-0.50 
0.30 

Below  0.03 

Pennsylvania  Steel  Co 

St.  Louis  Steel  Foundry  Co. 
Frog,  Switch  &  Mfg.  Co.  . . . 
New  York  Central  Lines 

Below  0.02 
Not  to  exceed  0.05 

♦Journal    Western    Society    of    Engineers,    Vol.    14-1909.      W.     S.'    Potter, 
page  212. 
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The  physical  characteristics,  compared  with  Bessemer  and  Open- 
Hearth  rail  steel,  are  about  as  follows,  although  it  is  extremely  difficult 
to  obtain  specimens  which  are  truly  representative  of  the  steel,  as  it 
cannot  be  cut  or  machined : 

TABLE  IV. 


Tensile  Strength 
in  pounds  per 
square  inch 

Elastic  Limit 
in  pounds  per 
square  inch 

Elongation, 

per  cent  in 

2  inches 

Reduction 

of  area, 
percentage 

Hardness  by 

Kind  of  Steel 

Brinell 

Scleroscope 

Manganese  Steel. . 
Bessemer  Steel. . . 
Open-Hearth  Steel 
Chilled  Cast  Iron 

75000-102000 
89000-126000 
115000  156000 

40000-58000 
44000-62000 
54000-80000 

8-27 
5-25 
9-16 

15-29 
5-43 
10-30 

230 
172-230 
230-300 

40-50 
29-35 
32-43 
65-75 

The  above  results  are  for  cast  Manganese  steel.  The  figures  for  rolled 
and  for  forged  Manganese  steel  are  higher,  as  shown  by  the  following, 
given  by  W.  S.  Potter,  the  originator  in  the  United  States  of  rolled  Man- 
ganese steel  for  rails,  in  the  "Journal  of  the  Western  Society  of  Engi- 
neers," Vol.  14,  1909: 

TABLE  V. 


Kind  of  Metal 

Tensile  Strength 
in  pounds 
persq.  in. 

Elastic  Limit 
in  pounds 
per  sq.  in. 

Elongation 

per  cent  in 

2  inches 

82.000 
135,000 
142,000 

45,000 
60.0UO 
55.000 

30 

35 

38 

Somewhat  higher  results  for  the  cast  metal  are  given  by  the  Central 
Railroad  Company  of  New  Jersey,  as  follows : 

Tensile  strnegth  in  pounds  per  square  inch,  82,400  to  143,400. 

Elastic  limit  in  pounds  per  square  inch,  81,600  to  112,400. 

Elongation,  10  per  cent,  in  2  in. ;  reduction  of  area  19.40  per  cent. ; 
deflection  under  a  12-ft.  drop  of  a  2,000-lb.  tup,  34  per  cent,  to  Yz  per  cent. 

With  the  carbon  low  and  the  manganese  high,  and  quenched  in  water 
at  about  1,000  degrees  C,  the  elastic  limit  is  low  and  the  flow  excessive 
for  many  duties. 

With  the  manganese  at  11  per  cent,  and  the  carbon  1.10  per  cent.,  the 
elastic  limit  is  higher  than  when  the  manganese  is  15  per  cent,  and  the 
carbon  0.80  per  cent. 

The  specific  heat  is  0.145  at  ordinary  temperatures  to  0.20  at  1,200 
degrees  C. 

The  heat  conductivity  between  ordinary  temperatures  and  600  degrees 
C.  is  about  l/$  that  of  low-carbon  steel. 

In  the  case  of  electric  conductivity,  the  resistance  of  Manganese  steel 
rails  is  3.4  times  the  resistance  of  Bessemer  rails.  At  temperatures  be- 
tween 100  degrees  C.  and  about  600  degrees  C,  the  electrical  resistance 
remains  nearly  constant. 
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In  order  to  impart  the  above  physical  qualities  to  Manganese  steel. 
and  especially  the  great  resistance  to  abrasive  forces,  special  heat  treat- 
ment is  necessary,  and  it  is  in  this  heat  treatment  in  which  one  manu- 
facturer claims  superiority  for  his  product  over  another.  It  is  his  trade 
secret  and  is  jealously  guarded. 

Manganese  steel  melts  at  about  1,330  degrees  C,  or  190  degrees  be- 
low dead  soft  carbon  steel. 

*"The  molding  and  core-making  require  more  care  and  a  higher  de- 
gree of  skill  in  their  preparation  than  for  iron  or  steel  castings,  for  Man- 
ganese castings  being  so  extremely  hard  and  tough  cannot  economically 
be  altered  in  shape,  once  they  are  made. 

"Nearly  all  molds  must  be  dried  in  an  oven  before  pouring  and  all 
castings  must  be  heat-treated." 

Sands  with  a  high  percentage  of  silica  are  used  for  the  molds,  and  in 
the  cleaning  or  fettling  room  there  must  be  every  conceivable  type  of 
grinding  apparatus,  as  the  castings  have  to  be  ground  instead  of  machined. 

The  shrinkage  is  excessive,  being  iVin.  per  foot,  as  against  -ui-'m.  to 
>4-in.  in  ordinary  practice,  and  it  is  therefore  very  severe  on  the  metal. 
Consequently,  after  pouring,  they  must  be  heat-treated  to  neutralize  the 
shrinkage  strains,  which  is  done  by  annealing  or  heating  to  800  degrees  C. 
to  1,000  degrees  C,  and  then  quenching  in  water. 

Manganese  steel  is  only  moderately  hard,  as  shown  by  the  scleroscope 
and  Brinell  results  given  above,  but  it  is  very  strong  and  tough,  and  it  is 
this  combination  of  strength  and  ductility  which  gives  to  it  its  most  im- 
portant merit  in  resisting  abrasive  wear.  A  cast  bar  y2-'m.  by  1  in.  will 
stand  bending,  without  cracking,  180  degrees  around  a  rod  1  in.  in  diam- 
eter. 

Abrasion  tests  conducted  in  a  laboratory  crusher  by  Win.  Wharton, 
Jr.,  &  Co.  showed  a  superiority  of  manganese  over  0.50  carbon  steel  of 
10  to  1  in  grammes  worn  from  a  crusher  jaw  per  1,000  lbs.  of  trap  rock 
per  sq.  in.  of  surface  crushed. 

Having  finally  recognized  these  valuable  qualities  of  Manganese  steel 
for  track  work,  the  railway  administrations  found  they  were  coupled 
with  high  cost,  and  therefore  instituted  tests  or  experiments  to  determine 
the  matter  of  economy  in  its  use.  In  many  locations  in  the  United  States, 
these  economics  have  been  well  established,  and  Manganese  steel  is  in 
regular  use,  but  there  are  also  many  other  places  where  the  first  cost  will 
overbalance  the  economies.  In  all  places  of  extremely  hard  service,  such 
frogs  are  economical,  and  even  absolutely  necessary  under  present  condi- 
tions, in  order  to  avoid  renewals  where  the  traffic  is  so  frequent  that  it 
is  difficult  to  find  an  opportunity  for  repair  work.  The  more  difficult  the 
place,  the  more  economical  and  indispensable  is  Manganese  steel.  The 
Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway  Company  finds  in 
general  that  where  frogs,  switches  and  crossings  made  of  Bessemer  or 
Open-Hearth  rail  require  renewal  within  about  20  months,  it  is  economical 
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to  use  Manganese  instead,  and  the  Pennsylvania  Lines  place  the  time  at 
18  months.  These  are  not  scientific  ways  of  expressing  relative  wear  so 
as  to  be  of  general  service  to  others,  but  are  suitable  only  for  those  special 
cases  for  which  the  rule  was  determined.  In  answering  the  circular  of 
the  reporters,  the  experience  of  various  railway  administrations  is  thus 
given  : 

The  Northern  Pacific  Railway  states  that  Manganese  frogs  will  out- 
last Open-Hearth  steel  frogs  under  the  same  conditions  by  6  to  10  times, 
and  the  Norfolk  &  Western  from  3  to  6  times.  The  Lehigh  Valley  Rail- 
road reports  that  Manganese  steel  frogs  will  outlast  frogs  made  of  Besse- 
mer steel  by  at  least  three  times,  the  Bessemer  &  Lake  Erie  by  from  3 
to  15  times,  and  the  Pennsylvania  Railroad  by  20  times,  the  cost  being 
only  three  times  as  great. 

This  information  is  of  service  also  only  to  those  who  know  the  con- 
ditions of  service,  for  it  is  necessary  to  be  made  aware  of  the  annual  cost 
or  saving  in  each  case  of  the  frogs  of  different  kinds  in  order  to  compare 
them  accurately.  This  information  is  difficult  to  obtain,  but  some  results 
of  trials  will  now  be  presented,  the  results  being  preceded  by  a  table 
(Table  VI),  showing  the  relative  cost  of  frogs  and  switch-points  made  of 
Manganese,  Bessemer  and  Open-Hearth  steels  about  the  beginning  of  the 
year  1914: 

This  table  gives  the  relative  cost  of  two  distinct  types  of  Manganese 
frogs : 

(1)  The  built-up,  or  rail-bound,  frog,  and 

(2)  The  solid  cast  Manganese  steel  frog. 

The  first  (1)  consists  of  Manganese  steel  for  the  point  and  those 
parts  of  the  wings  which  receive  the  wheel  treads  surrounded  by  pieces 
of  Bessemer  or  Open-Hearth  rail,  and  all  bound  firmly  together  with  bolts, 
as  illustrated  in  the  plans  and  photographs,  Figs.  15  to  20. 

The  second  (2)  is  made  of  a  solid  Manganese  casting  without  any 
bolts,  except  those  necessary  to  join  the  four  ends  with  the  track  rails  by 
splice  bars,  illustrated  in  the  plans  and  photographs,  Figs.  21  to  25. 

Terminal    Railroad   Association   of   St.   Louis: 

The  first  type  (1)  is  the  one  most  generally  used  by  the  railways, 
although  for  certain  locations,  where  the  speed  of  traffic  is  slow,  the  sec- 
ond type  (2)  is  preferred,  though  of  greater  primary  cost  than  the  first, 
because  it  does  away  with  the  bolts.  There  is  a  certain  feeling  of  mistrust 
(which  may  be  removed  later  with  experience)  in  its  value  for  general 
use,  because  such  great  care  is  required  in  making  the  castings  that  de- 
fective material  occasionally  creeps  in,  and,  should  a  fracture  occur,  there 
is  sometimes  nothing  to  hold  the  parts  together.  This  has  been  remedied 
in  some  designs  by  riveting  the  frogs  to  a  base  plate.  This  distrust  has 
been  expressed  in  its  answer  by  the  Terminal  Railroad  Association  of  St. 
Louis,  which  is,  as  its  name  expresses,  a  large  terminal  for  several  rail- 
roads, consisting  of  many  miles  of  track,  traversed  chiefly  at  moderate 
speed  by  a  heavy  traffic.     Many  frogs  and  crossings  have  been  in  use  for 
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Fig.    i 6.     No.   7   Rail-bound   Manganese   Frog.     Weight,   100  Lbs.    Per 
Yard.     Rail  Section,  A.R.A.  Type  B. 
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Fig.  20.     Rail-bound  Manganese  Crossing  Frog. 
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PLAN 

Scale,  V  =  1-0" 


SECTION     C-D.  SECTION     A-B. 

Scale     V  =  I'-O" 
Manganese  Steel  shaded  thus  EM^^i 

Fig.  24. 
Solid  Cast  Manganese  Crossing  Frog. 
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the  past  6  years,  and  a  large  number  of  them  were  of  the  solid  cast  type, 
but  on  account  of  having  had  more  or  less  trouble  with  breakage,  the 
officers  in  charge  rather  favor  the  inset,  rail-bound,  or  built-up,  work, 
three  terms  of  synonymous  meaning.  The  Manganese  frogs  last  3  or  4 
times  as  long  as  those  made  of  ordinary  rail,  under  those  conditions. 

Pennsylvania    Lines: 

The  Pennsylvania  Lines  have,  for  a  long  time,  been  keeping  a  record 
of  the  service  of  Manganese  frogs,  and  Manganese  tipped  switch-points, 
the  results  of  which  are  given  in  full  detail  in  Appendix  D.  The  object 
was  to  determine  their  relative  economy  in  comparison  with  frogs  and 
switch-points  made  from  ordinary  carbon  steel,  and  to  establish  some  rule 
or  guide  which  would  be  of  use  to  the  officer  in  charge  of  maintenance, 
and  enable  him  to  decide  in  advance  whether  or  not  it  would  be  econom- 
ical to  order  a  Manganese  frog  or  switch-point  for  a  given  location. 
This  report  shows  how  it  can  be  done  with  a  certain  amount  of  experi- 
enced estimating,  and  proves  that  the  Manganese  steel  frogs  are  econom- 
ical in  many  locations,  principally  where  the  service  is  severe. 

Boston  &  Albany  Railroad: 

Some  records  of  the  service  of  Manganese  frogs  have  also  been  kept 
on  the  Boston  &  Albany  Railroad.  "From  1891  to  1897  the  frogs  and 
switches  were  made  from  the  special  acid  Bessemer  steel  rails  of  that 
company  and  of  the  New  York  Central  &  Hudson  River  Railroad  with 
carbon  o.6o  per  cent,  and  phosphorus  0.06  per  cent.  These  high  carbon 
and  low  phosphorus  rails  were  first  rolled  by  the  Bethlehem  Steel  Com- 
pany in  14.5-in.  square  ingots,  from  which  two  30-ft.  rails  were  rolled, 
the  ingots  being  bloomed  in  11  passes,  and  the  blooms  reheated  and  fin- 
ished into  rails  in  11  more  passes.  Other  lots  were  rolled  at  Scranton  by 
the  Lackawanna  Iron  &  Steel  Company  from  15-in.  square  ingots,  making 
three  30-ft.  rails.  The  ingots  were  charged  hot  into  horizontal  furnaces, 
bloomed  in  5  passes,  and  rolled  directly  into  pipeless  rails  under  their 
own  heat  in  8  more  passes,  a  total  of  13,  which  consumed  3^2  to  4  minutes, 
from  the  ingot  to  the  finished  rail  at  the  saws.  There  was  at  Scranton 
from  0.6  to  0.7  of  I  per  cent,  of  copper  in  the  pig-iron  which  was  re- 
melted  in  cupolas  for  the  Bessemer  converters." 

This  was  considered  to  be  a  very  satisfactory  rail  steel,  and  the  steel 
set  quiet  and  was  sound.  The  abrasion  from  the  rails  after  14  years' 
service  has  been  very  small,  as  shown  in  Figs.  26  and  27. 

From  1899  to  1908,  the  low  phosphorus  ores  available  for  Bessemer 
rails  were  very  hard  to  obtain,  the  percentage  having  risen  to  the  high 
limit  of  0.10,  and  consequently  the  carbon  was  reduced  to  0.45  to  0.55 
per  cent. 

The  frogs  made  of  rails  with  the  high  phosphorus  and  low  carbon 
wore  so  much  faster  than  the  former  ones  of  low  phosphorus  and  higher 
carbon,  the  smaller  sections  of  which  carried  from  40,000,000  to  50,000.000 
tons,  and  the  100-lb.  section  from  60,000,000  to  80,000,000  tons,  that  in 
1908  six  No.  8  and  six  No.  10,  100-lb.  Manganese  frogs  were  placed  in  the 
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track.  Four  of  the  No.  8  frogs  carried  49,000,000  tons  before  their  re- 
newal in  1913,  and  one  73,000,000  tons.  Of  the  six  No.  10  frogs,  five  were 
renewed  in  1912,  after  carrying  49,000,000  tons  each,  and  one  is  still  in 
service,  at  the  end  of  1913. 

Twenty  Manganese  frogs  were  placed  in  the  track  in  1909  and  8  were 
renewed  in  1912,  after  carrying  38,500,000  tons,  the  location  being  more 
severe,  on  account  of  the  higher  speed. 

There  are  173  Manganese  frogs  in  the  main  track  and  yard  service, 
and  63  switch-points,  tipped  with  about  30  in.  of  Manganese.  The  most 
of  the  Manganese  centers  and  running  surfaces  of  the  wings,  including 
flangeways,  are  cast  in  one  piece.  A  No.  8  frog  complete  weighs  about 
1,620  lbs.,  of  which  470  lbs.  are  Manganese. 

New  York  Central   Lines: 

On  the  New  York  Central  &  Hudson  River  Railroad  and  on  the  Bos- 
ton &  Albany  Railroad  (controlled  by  the  former),  the  majority  of  the 
frogs  and  switches  are  now  made  complete  from  the  basic  Open-Hearth 
rails,  with  higher  elastic  limits,  of  the  80,  100,  and  105-lb.  sections  (see 
E.'g.  28  for  the  latter),  which  are  believed  to  resist  the  impacts  with  less 
deformation  than  the  Manganese  steel,  but   with  greater  loss  of  metal. 

Some  of  the  South  American  railroads  have  begun  the  experimental 
use  of  Manganese  frogs. 

Central  Uruguay: 

The  Central  Uruguay  has  recently  obtained  8  reversible  Manganese 
steel  frogs,  which  are  made  of  Hadfield's  "Era"  Manganese  steel,  for  trial 
against  the  frogs  ordinarily  employed  which  have  C.  0.35  to  0.45.  P.  not 
to  exceed  0.06,  Mn.  0.75  to  1.00,  Si.  not  to  exceed  0.06  and  S.  not  to  ex- 
ceed 0.06. 

Buenos  Ayres  Great  Southern: 

The  Buenos  Ayres  Great  Southern  has  tried  both  built-up  and  cast 
Manganese  frogs  obtained  from  Edgar  Allen  &  Company,  Limited,  Im- 
perial Steel  Works,  and  Hadfield's  Steel  Foundry  Company,  Limited, 
both  of  Sheffield,  England,  and  also  Sandberg's  Silicon  steel,  and  finds 
they  are  affected  considerably  less  by  wear  and  tear  than  the  ordinary 
ones  of  C.  0.40  to  0.50,  P.  not  to  exceed  0.06,  Mn.  0.75  to  1.00,  Si.  not  to 
exceed  0.06  and  S.  not  to  exceed  0.05.  The  test  specimens  of  such  rail 
are  turned  to  J^-in.  area,  and  of  length  to  admit  of  2  in.  between  gage 
points,  and  the  material  must  stand  not  less  than  92,960  nor  more  than 
112,000  lbs.  per  sq.  in.  tensile  strength,  with  a  minimum  elongation  of 
12^2  per  cent.  The  Manganese  steel  is  of  the  following  chemical  com- 
position : 

Mn.  Carbon.  Phos.  Si.  Sulphur. 

12.00  1.20  0.06  0.30  0.03 

and  the  physical  qualities  are : 

Tensile  strength,  123,200  to  134,400  lbs.  per  sq.  in. 

Elastic  limit,  44,800  to  56,000  lbs.  per  sq.  in 

Elongation,  40  to  45  in  4  in. 
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B&A      95  LB 
Bethlehem  2-  92 

C  64         P  06 


in  Service   14  Years  on  a  tangent 
Loss  0.0097  lb.  per.  yd  per  M.T         P.  H .  Dudley 


Fig  26 


MANG 


;;.\XESE    STEEL. 


43 


CVl 


cr> 


II 


SPECIAL    STEELS. 


NEW  YORK  CENTRAL  LINES 

(DUDLEY   RAIL  SECTION) 


PROPOBT/ONA  TE  AffSA  S 

Head       40.9% 

Web        24.5% 

Base       34.  G% 

Total      1000% 
Total  area  =  10. 28  $q.  m. 
Moment  of  Inertia  50.02 

Neutral  fyis  above  base  2  f}5 " 
Sect/on  Modulus,  head  1589 . 
Sect/on  Modulus,  base       1 7. 53 


Fig.Z8. 
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Edgar  Allen  &  Co.,  Limited,  has  furnished  this  railway  company  with 
a  very  complicated*  crossing  of  two  double-track  lines,  432  ft.  long  and 
100  tons  (2,240  lbs.  per  ton)  in  weight,  built  entirely  of  rolled  Manganese 
steel  rails,  except  the  check  rails. 

Question  3-f: 

In  none  of  the  cases  reported  are  reduced  dimensions  attempted 
(Question  3-f,  Appendix  A).  It  is  rather  the  opposite.  The  thickness  of 
the  walls  of  the  castings  are  made  greater  because  it  is  difficult  to  make 
thin  castings  of  Manganese  steel,  and  there  must  be  no  question  of  the 
strength  of  such  costly  material. 

Switch-Points: 

It  was  stated  that  the  frogs  and  switches  above  mentioned,  which 
were  obtained  from  England  by  the  Buenos  Ayres  Great  Southern,  were 
made  entirely  from  rolled  Manganese  rail.  Switches  are  also  made  in  the 
United  States  entirely  from  rolled  Manganese  rail,  and  are  being  tried  by 
several  railroads,  reports  of  such  use,  but  with  no  data,  having  been  made 
only  by  the  Hocking  Valley  Railway  and  the  Pennsylvania  Railroad. 
They  have  not  been  generally  used,  owing  to  their  high  cost  and  the 
waste  of  Manganese  steel  when  the  point  is  sufficiently  worn  away  to 
cause  the  discard  of  the  whole  switch. 

For  that  reason  the  Manganese-tipped  switch-points,  illustrated  in 
Figs.  29  to  32,  are  almost  universally  employed  where  Manganese  steel  is 
desired.  They  can  be  readily  repaired  with  economy.  Some  companies 
have  a  preference  for  a  longer  Manganese  tip  in  some  locations,  and  so 
the  longer  one  shown  in  Figs.  31  and  32  is  also  manufactured.  The  short 
points  are  about  3  ft.  long  for  18- ft.  switches  and  6  ft.  long  for  30-ft. 
switches,  while  the  long  ones  are  6L2  ft.  long  for  18-ft.  switches,  and 
correspondingly  longer  for  the  long  ones,  reaching  about  as  far  as  the 
planing  on  the  head  of  the  switch-point. 

A  movable-point  crossing,  with  the  knuckle  rails  and  points  of  Man- 
ganese steel,  is  illustrated  in  Figs.  ^3  and  34. 

A  record  of  the  comparative  trials  of  Manganese  and  Bessemer  steel 
switch-points  has  been  kept  by  the  Pennsylvania  Lines,  and  is  exhibited 
in  Appendix  D.  It  shows  that  in  no  case  has  the  monthly  cost  of  the 
Bessemer  been  less  than  that  of  the  Manganese.  In  a  large  number  of 
the  cases,  the  economy  of  the  Manganese  points  is  very  great,  the  monthly 
cost  of  Bessemer  points  being  as  high  as  13  times  as  large. 

RESUME. 

The  foregoing  testimony  abundantly  proves  that  the  use  of  Man- 
ganese steel  for  the  manufacture  of  frogs  and  switch-points  is  satisfac- 
tory and  economical  for  locations  where  the  service  is  severe  and  trains 
numerous.     What  was  regarded  as  experimental  by  the  Congress  of  1905 


♦Fully  illustrated   in   "Railway  Gazette,"   January   23,    1914. 
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Fig.  30.    Manganese-tipped  Switch  Point. 
(Short  Tip.) 
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Fig.  32.     Manganese  Steel  Point  Split  Switch,  with   Long  Points- 
Two  Rods. 
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Fig.   33.     Movable   Point    Crossing,   with   Manganese   Steel   Knuckle 
Rails  and  Points. 


MANGANESE    STEEL. 


51 


I 


iNlOd  H3NI  ?i 
1NIM  T»DU3H03Hi 


CO    ^f 


52  SPECIAL    STEELS. 

must  be  considered  as  an  accomplished  fact  by  the  Congress  of  1915. 
The  experience  has  been  long  and  widely  extended.  The  report  of  the 
Pennsylvania  Lines  points  out  a  method  for  forecasting  the  probable 
economy  of  their  use  at  selected  locations  and  illustrates  a  method  for 
keeping  the  records  of  experiments. 

(b)     Manganese  Steel  for  Rails. 

RAIL    STUDIES. 

A  plan  quite  generally  in  use  in  the  United  States  for  studying  the 
relative  efficiency  of  different  kinds  of  rails  is  that  which  will  now  be 
described: 

.   It  consists  of  separate  studies,  as  follows: 

(1)  The  study  of  the  results  of  the  inspection  of  the  rails  at  the 
mills  during  the  process  of  manufacture,  rail  inspectors  being  employed 
by  the  railway  companies  for  the  purpose  of  making  such  examinations 
and  tests  as  will  determine  the  compliance  or  non-compliance  with  the 
specifications  under  which  they  are  purchased.  The  reports  of  the  in- 
spectors are  tabulated  on  a  blank  form  which  enables  a  critical  study  to 
be  made  of  the  various  causes  for  rejections,  among  which  are  failure  to 
stand  the  drop  (or  falling  weight)  and  ductility  tests,  and  the  chemical 
analyses  of  the  ingot  metal  of  each  heat. 

(2)  The  study  of  service  tests,  or  results  of  the  use  of  the  rails  in 
the  tracks  of  the  companies  under  traffic,  which  service  studies  are  of 
three  kinds,  and  are  the  ones  directly  connected  with  the  work  of  the 
reporters : 

(a)  A  quantitative  or  numerical  study  of  the  rail  failures;  and  in 
order  to  obtain  the  data,  a  blank,  shown  in  the  accompanying  Form  M.W. 
34-A,  Fig.  35,  is  filled  out  by  the  Track  Foreman  for  every  rail  which  fails 
in  the  main  tracks,  and  forwarded  to  the  proper  officer.  On  the  back  of 
the  blank  are  descriptions  of,  and  instructions  for,  classifying  rail  failures, 
and  it  will  be  observed  that  there  are  many  types  of  failures  separate  and 
distinct  from  "Broken  Rails,"  which  latter  are  the  ones  which  are  most 
liable  to  be  dangerous  to  train  movement.  Advance  warning  of  the  failure 
is  usually  given  in  the  other  cases.  Each  type  of  failure  is  illustrated  by 
the  photographs,  Figs.  36  to  41.  Some  writers  in  mentioning  the  statistics 
of  "Rail  Failures''  in  the  United  States  have  often  given  an  erroneous 
impression  of  the  character  of  such  failures,  by  calling  them  all  indiscrimi- 
nately "Broken  Rails,"  and  this  opportunity  is  taken  to  explain  the  method 
of  classification  in  use  in  the  United  States  and  Canada.  It  is  under- 
stood by  your  reporter  that  query  4- (a)  of  the  circular  issued  by  the 
General  Secretary  deals  with  all  kinds  of  failures,  except  those  due  to 
train  disasters.  The  reports  when  received  are  sorted  and  tabulated  so 
as  to  show  clearly  the  position  in  the  ingot  from  which  the  rail  was 
rolled,  and  the  character  of  the  failure.  These  results,  similarly  prepared 
for  each  year,  are  compared  the  one  with  the  other,  in  order  to  deter- 
mine the  effect  of  changes  in  the  specifications,  the  rail  section,  or  the 
methods,  which  are  made  from  time  to  time.  Besides  the  studies  made  by 
the  separate  railway  administrations,  these  quantitative  statistics  are  col- 
lected annually  from  all  the  railways  by  the  American  Railway  Engineer- 
ing Association  and  carefullv  studied. 
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Section  No. 


Hq.35 
Pennsylvania  Lines 

West  of  Pittsburgh. 

__._ _ DIVISION.. BRANCH. 

Report  of    RAIL    FAILURES   In    Main   Tracks. 
Oate  of  Report 


I    [Weight  per  yard,  New lbs.  Re-rolled lbs 

?•     Rail  Section? _ 

'•     Brand  on  Rail?  cd-  on  but) 

'•     Kind  of  Steel?  <••£■  oo  back) 

5    I  Heat  No.  on  Rail?  rr  »■  back) 

'•     Rail  No.  or  Letter?  <"F"  on  back) 

Original  Length  of  Rail? 

Month  and  year  Rail  was  laid? 

Location Feet of   Mile   Post    

II    jWhich  Track? Which  Rail' 

11.  On  Curve  or  Straight  Line? 

11^  |  No.,of  Curve? 

12.  |  Degree  of  Curve? 

13-   '  High  or  Low  Rail,  if  on  Curve? 

Superelevation  of  Curve  at  "Break"? 

Was   Rail  "Broken"? or  "Defective"' 

Or   Damaged? (St*  "Descripl.nn  of  Failure,    on  back) 


Was  Rail  much  or  little  worn? 

By  Whom  discovered? 

Date  and  time  found? 

Was  Rail  removed? Date  removed?.. 

Exact  gauge  of  Track  at  "Break"? 

Was  "Break"  over  or  between  Ties? 

Was  "Break"  square  or  angular? 

Distance  between  edges  of  Ties  at  "Break"? 

Condition  of  Ties  each  side  of  "Break"? 

Kind  of  Ties? 

Were  Tie  Plates  used' Kind' 

Condition  of  Line  and  Surface? 

Kind  of  Ballast' 

Was  Track  properly  ballasted? 

Kind  of  material  in  roadbed  under  ballast? 

Was  Track  well  drained? 

Was  roadbed  frozen' 


II.     Condition  of  weather?   Wet.  drr.  »»rn>  nr  cold,  freenoc  °r  ibawmg) 

I*.      If  "Broken"  state  cause  of  break,  and  describe  any  flaws  found  at  point  of  break  . 


If  "Break"  was  at  Joint,  state  kind,  number  of  holes,  and  whether  it  was  full  bolted  or  insulated.. 


Were  any  bolts  at  joint  loose? If  so,  how  many? - - 

Was  accident  or  detention  to  trains  caused  by  "Break"? If  so  state  circumstances 


If  "Defective"   describe  kind  and  location  of  flaws  or  defects,  ami  if  possible,  what  caused  them     <Se-   Dr>crin- 

tion  of  Failure*"  on  back) - 


Draw  on  Diagram  lines  of  "Break",  or  partial  fracture,  such  as  long  pieces  from  side  of  head  and  half  moon 
pieces  from  base,  showing  dimensions.  Hollows  in  head  should  be  shown  on  "End  Section"  Defects  may 
also  be  indicated  on  diagram.  Mark  distance  from  end  to  "Break."  'If  "Break"  is  nearest  'Receiving  End" 
draw  pen  through  words  "Leaving  End;"  if  nearest  "Leaving  End,"  draw  pen  through  words  "Receiving 
End."  ('Refers  to  track  opoo  which  the  current  «f  traffic  la  in  one  directino  j  Indicate  "Gauge  Side"  on  "Diagram"  below, 
by  drawing  pen  through  words  "Gauge  Side"  on  opposite  side. 


~w    w    w 


End  Section 


im    ®) 


n-6,^s.d-m    n    n    n    n 


U   -GaugslSideLJ         U         Q         Q         [J 
If  "Damaged,"  describe  nature  and  cause  if  known.     (See  "Description  of  Failure-,-  on  hack) 


Approved- 

Foreman.  

INSTRUCTIONS    AND    DESCRIPTION    OF    FAILURES   ON    BACK. 


.  Supervisor. 
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Back  of  fig. 35 


INSTRUCTIONS. 

The  Foreman  will  send  this  Report  to  the  Supervisor  the  same  day  the  break  is  discovered,  and 
in  the  case  of  a  damaged  or  defective  rail,  the  day  it  is  taken  out  of  the  track. 

The  Supervisor  will  forward  this  Report  direct  to  the  Division  Engineer. 

The  Division  Engineer  will  have  copies  of  this  Report  made  immediately  upon  receipt  and  send 
a  copy  to  the  Chief  Engineer  M.  of  W. 

The  answer  to  3  is  in  raised  characters  on  the  web  of  the  rail. 

The  answer  to  4  is  "Bessemer"  (B) ;  "Open  Hearth",  (0.  H.);  "Nickel"  (N);  "Ferro-titani-.;m" 
(F.  T.);  "Chrome  Nickel"  (C.  N.)  or  other  method  of  manufacture  or  alloy. 

The  answers  to  5  and  6  are  stamped  into  the  metal  on  side  of  wcb;-figures  for  5  and  a  letter  for  6. 
Mile  Post  Number  fromJgJS11/  end  of  Division  to  be  used. 


I- 
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DESCRIPTION  OF  RAIL  FAILURES. 

When  describing  Failures  of  Rails,  the  following  terms  should  be  us?d. 

BROKEN  RAIL.     This  term  is  to  be  confined-to  a  rail  which  is  broken  through,  separating  it  into  two 
or  more  parts.     A  crack  which  might  result  in  a  complete  break  will  come  under  this  head 
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FLOW  OF  METAL.  This  term  means  a  "Rolling  Out"  of  the  metal  on  top  of  the  head  towards  its  sides 
without  there  being  any  indication  of  a  breaking  down  of  the  head  structure;  that  is,  the  under  side 
of  the  head  is  not  distorted. 


3.     CRUSHED  HEAD.     Tins  term  is  used  to  indicate  a  "Flattening"  of  the  head,  and  is  usually  accompanied 
by  a  crushing  down  of  the  head  as  shown  in  the  sketch. 


SPLIT  HEAD.  This  term  includes  rails  split  through  or  near  the  center  line  of  the  head,  or  rails  with 
pieces  split  off  the  side  of  the  head.  When  this  term  is  used  it  should  be  further  defined  by  stating 
whether  it  is  or  is  not  accompanied  by  a  seam  or  hollow  head. 


B 


<P  V 


SPLIT  WEB.     This  term  is  a  longitudinal  split  along  the  axis  of  the  web,  generally  starting  from   the 
end  of  rail  through  the  bolt  holes. 


6.     BROKEN  BASE.     This  term  covers  all  breaks  in  base  of  rail  and  should  be  described  and  illustrated 
on  sketches  on  front  page. 


> 


7.    DAMAGED.     Under  this  head  will  be  included  all  rails  broken  or  injured  by  wrecks,  broken  wheels  or 
similar  causes. 
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P.CC&St.L.Ry. 
CJefective  85Lb  A.S.C.E..  Rail. 
Removed  From  Main  Track. 
Fig.  36 
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P.CC&St.L.Ry. 

Defective  65L8.AS.C-E1  Rail. 

Removed  From  Main  Track. 

Fig.  37 
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P.CC&St.L  Rlj. 

Defective:  85Lb.A.5.C.E.Raii_. 

Removed  From  Main  Track. 

Fig.  38. 

Crushed  Head. 
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P.C.C&St.L.Py. 
Defective   85LeAS.CE;.  Rail. 
Removed  From  Main  Track. 
Fig  39. 
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PC  C  &  S+.L. Pi- 
Defective  85Lb.AS.C.E:.Rail 
Removed  From  Main  TRAck. 
Fig.  40 . 


Split  Web. 
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'  PCC&  Sf.L.Ry. 
Defective   S5Lb  ASC.E  Rail. 
Removed  Fpom  Main  Track. 
Fiq.  41  . 
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(b)  By  reason  of  the  information  contained  in  some  of  the  reports 
received,  certain  individual  rails  are  sent  to  the  laboratory,  where  com- 
plete chemical,  physical  and  microscopic  studies  are  made,  in  order  to 
determine  the  causes  of  failures  and  learn  therefrom  the  changes,  if  any, 
which  should  be  made  in  the  specifications  or  rail  section,  in  order  to  im- 
prove its  service.  Similar  examinations  for  the  purpose  of  comparison  are 
made  of  rails  which  have  given  satisfactory  service  in  the  track. 

(c)  In  addition  to  the  failures,  it  is  necessary  to  compare  the  rela- 
tive economy  of  different  kinds  of  steels  by  their  resistance  to  the  abrasive 
forces  of  wheels,  especially  on  curves,  commonly  called  the  "wear."  The 
method  of  making  this  study  is  well  illustrated  in  the  Baltimore  &  Ohio 
Railroad  reports  given  further  on. 

Blank  forms  for  tabulating  and  reporting  all  of  the  above  studies 
have  been  adopted  by  the  American  Railway  Engineering  Association,  and 
will  be  found,  together  with  their  description  and  instructions  for  use,  in 
the  "Manual  of  the  American  Railway  Engineering  Association,''  and  in 
the  Proceedings  of  that  Association,  Vol.  9,  1908,  page  449,  and  Vol.  10, 
Part  r,  page  339.  They  have  been  modified  from  time  to  time,  as  de- 
veloped by  experience,  the  "Manual"  containing  the  latest  editions. 

*"The  first  attempt  to  apply  Manganese  steel  to  rails  of  curves  was 
in  1895,  in  the  shape  of  flat  rails  for  street  railways,  by  Wm.  Wharton, 
Jr.,  &  Co.,  Inc.,  and  subsequently  in  November,  1898,  7-in.  high  girder 
guard  rails  were  cast  in  about  12-ft.  length  for  the  Philadelphia  Traction 
Company. 

*"In  the  beginning  of  1902,  the  Wharton  Company  had  also  been  ap- 
proached by  the  Boston  Elevated  Railway  Company  on  the  question  of 
manufacturing  Manganese  Steel  T  rails  for  some  of  the  curves  of  its  sys- 
tem, where  quite  an  unusual  condition  of  rapid  wear  existed,  and  in  April, 
1902,  the  first  Manganese  Steel  T  rails  cast  in  20-ft.  lengths  and  ground 
to  section  were  furnished  for  a  curve  of  82  ft.  radius  near  the  Park- 
Street  Station  of  the  Boston  Subway.  The  rails  were  cast  straight  and 
afterwards  curved.  The  section  was  quite  heavy,  i.  e.,  while  the  contour 
of  the  head  corresponded  to  the  85  lbs.  per  yard  A.S.C.E.  design,  the  web 
and  base  were  made  i]4,  in.,  thinning  down  at  the  ends,  which  were 
ground  to  a  splice  bar  fit,  and  the  top  and  side  of  the  head  were  also 
ground  smooth  and  true." 

Boston    Elevated   Railway: 

fAs  about  40  per  cent,  of  the  entire  length  of  the  line  is  curved,  the 
question  of  maintenance  and  the  cost  of  rail  renewals  became  a  serious 
problem. 

"The  tracks  were  first  laid  with  Bessemer  rail  having  a  low  carbon 
content  (about  0.45  per  cent.),  and  the  life  of  the  outer  rail  on  the  sharp 
curves  was  very  short,  averaging  about  60  days.  This  rail,  preceding  the 
placing  of  the  Manganese  rail,  wore  down  0.064  ft.  in  44  days,  as  shown 
in  Fig.  42.  The  figure  also  shows  the  wear  of  the  Manganese  rail  after 
2,409  days  in  the  same  location,  the  amount  being  0.048  ft.,  which  is  re- 
markable, and  illustrates  its  great  resistance  to  rolling  friction.  The 
comparative  wear  of  the  ordinary  Bessemer  as  against  the  Manganese 
steel  is  graphically  shown  in  the  figure. 

"The  traffic  in  1902  was,  of  course,  much  less  than  in  1908,  when  these 
records  were  made,   averaging  probably   t.oco  cars  or  36,000  tons    (2,000 


♦Letter  from  V.    Angerer. 

fFrom  letter  from  H.   M.   Steward,   Chief  Engineer,    Maintenace  of  Way, 
Boston  Elevated  Railway  Company. 
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lbs.  per  ton)  per  diem,  as  against  1,700  cars,  or  62,000  tons  per  diem  in 
1908.  Consequently  the  Manganese  rail,  on  account  of  the  constant  in- 
crease in  traffic,  lias  given  even  better  service  than  the  comparative  re- 
sults show. 

"In  1902  and  1903  the  railway  company  purchased  about  700  linear 
feet  of  Manganese  rail  at  an  average  price  of  $5.00  per  linear  foot,  which 
is  the  price  of  the  first  lot,  which  turned  out  to  be  really  below  cost,  due 
to  the  labor  involved  in  making  the  patterns,  casting,  and  especially  in 
finishing  the  rails,  which  can  only  be  done  by  grinding.  The  price  of 
Bessemer  rail  averaged  about  0.39  cent  per  linear  foot. 

"The  Rapid  Transit  trains  were  removed  from  the  subway  in  Novem- 
ber, 1908,  and  the  street  surface  cars  have  been  operated  there  since. 
For  the  last  two  or  three  years  a  very  heavy  type  of  surface  car  has  been 
in  use,  so  that  the  traffic  over  this  Manganese  rail,  which  is  still  in  service 
(December,  1913),  is  approximating  the  elevated  train  traffic  at  the  time 
it  was  diverted  in  1908. 

"On  account  of  these  excellent  results,  the  railway  company  pur- 
chased in  1906,  1907  and  1908  about  4,700  linear  feet  of  cast  Manganese 
rail  at  an  average  price  of  $6.70  per  linear  foot.  The  high  cost  lead  to 
the  attempt  to  reduce  the  thickness  more  nearly  to  the  rolled  section, 
with  the  result  that  the  unequal  distribution  of  metal  between  the  head 
and  the  other  portions  of  the  rail  created  a  tendency  in  the  castings  to- 
ward internal  defects,  which,  after  the  rails  had  become  worn  to  some 
extent,  made  their  appearance  in  the  shape  of  apparent  small  cracks. 
Some  of  the  rails  showing  these  defects  had  to  be  replaced,  but  otherwise 
they  gave  results  similar  to  the  first  lot. 

"As  to  the  comparative  cost  of  maintenance,  the  general  maintenance 
of  track,  outside  of  rail  renewals,  should  not  vary  appreciably  whether 
the  track  be  laid  with  Manganese  rail  or  Bessemer  rail.  Taking  the  curve 
at  Park  Street  as  a  basis,  and  assuming  that  the  life  of  a  Manganese  rail 
at  this  point  would  be  8  years  and  that  of  Bessemer  rail  2  months,  the 
following  figures  would  be  a  fair  estimate  of  the  comparative  cost  of 
maintenance  per  linear  foot  of  single  rail  for  a  period  of  8  years  : 

Cost  of  Manganese  rail  per  foot $  6.70 

Bonds,  spikes,  etc 09 

Labor 22 

Total  cost  of  maintenance $  7.01 

Cost  of  Bessemer  rail  per  foot   (50  renewals) $19.50 

Spikes,  bonds,  etc 3.25 

Renewal  of  ties,  account  of  "spike  killing'' 2.50 

Labor   1 5.50 

Total    $4150 

"This  comparison  is  made  from  one  specific  case,  in  which  the  costs 
can  be  very  closely  estimated.  The  same  proportions  might  or  might  not 
apply  in  other  instances. 

"From  time  to  time  this  company,  the  Boston  Elevated  Railway,  has 
made  other  experiments  with  special  rollings  of  Bessemer,  Nickel  and 
Open-Hearth  rails.  In  1903  the  Cambria  Steel  Company  furnished  some 
Bessemer  rail  with  a  carbon  element  of  about  0.78,  manganese  1.00  to  1.25, 
phosphorus  .09  to  .10  and  sulphur  .03  to  .06.  the  wearing  qualities  of 
which  were  very  satisfactory  when  compared  with  ordinary  Bessemer 
rail,  and  were  far  better  than  the  Nickel  and  Open-Hearth  rail  which  we 
have  obtained  up  to  1908.  None  of  these  rails,  however,  approached  the 
Manganese  rail  in  length  of  life. 

"As  it  is  of  interest  to  compare  the  life  of  different  brands  of  rails 
under  the  same  conditions,  five  curves  of  short  radii  have  been   selected, 
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and  a  tabulation  of  the  comparative  life  of  five  different  kinds  of  rail 
prepared.  All  of  the  rails  have  not  been  tested  on  each  of  the  curves, 
but  from  the  actual  results  obtained  on  curves  of  similar  radii  the  life  of 
the  rails  can  be  closely  estimated.  The  comparisons  are  set  forth  in  the 
table:" 

TABLE  VII. 

COMPARATIVE  LIFE  OF  SEVERAL  KINDS  OF  STEEL  RAILS  ON  TYPICAL  SHARP 

CURVES. 
Speed  of  Trains  from  8  to  10  M.P.H. 


Location  of  Curve 

Radius 

Ordinary 

Bessemer 

Rail. 

High 

Carbon 

Bessemer 

Rail. 

Nickel 
Rail. 

Manganese 
Rail. 

Open-Hearth 
Rail. 

Park  St.,  S.  B.  (subway)... 
Adams  Sq.,  N.  B.  (subway) 
Park  St.,  S.B.  (subway).  .. 
Haverhill  St.,  N.B 

82  ft. 

89  ft. 

90  ft. 
100  ft. 
106  ft. 

Mo.      Ds. 
2          3 
2        17 

2  16 
4          3 

3  7 

Mo       Ds. 

8        18+ 
10        15 

10  11+ 

11  13 
13          8 

Mo.     Ds. 

3  12+ 

4  4+ 

4  3+ 
6        19 

5  7+ 

Mo.         Ds. 

76             4* 
80            10+ 
66            15* 
128             9+ 
101             5+ 

Mo.         Ds. 
1              11 

1             27 

1  20+ 

2  21 
2               7 

*Still  in  service. 


+Estimated  life  from  actual  results  on  curves  of  similar  radii. 


In  commenting  upon  his  experience  with  cast  Manganese  rail,  Mr. 
Steward  says  further : 

"The  general  use  of  Manganese  steel  on  tangents  does  not  seem  to  me 
to  be  advisable.  Even  under  the  severe  traffic  of  the  elevated  division, 
ordinary  rail  has  given  fairly  satisfactory  service  for  over  seven  years. 
Our  tangent  rail  does  not,  of  course,  receive  such  hard  usage  as  that  on 
steam  roads,  and  the  joints  do  not  suffer  from  the  pounding  of  heavy 
locomotives.  Manganese  steel,  while  offering  great  resistance  to  grinding 
friction,  will  not  offer  as  great  resistance  to  heavy  blows  on  account  of  its 
ductility.     ...     Its  high  cost  also  prohibits   its   use  for  this  purpose. 

"In  our  service  we  find  that  Manganese  rail  will  not  withstand  side 
wear  equally  as  well  as  top  wear.  The  grinding  friction  from  the  flat  of 
the  tire  does  not  seem  to  have  the  same  effect  on  Manganese  steel  as  the 
cutting  action  of  the  flanges,  and  we  have  found  it  advisable  to  protect 
the  side  of  the  head  of  Manganese  rail,  holding  the  flanges  away  from  it 
by  means  of  a  check  or  guard  rail  fastened  securely  to  the  inner  rail  of 
the  curve." 

Between  1905  and  1908,  the  successful  rolling  of  Manganese  rail  was 
accomplished  by  the  Pennsylvania  Steel  Company  of  Steelton,  Pa.,  and 
the  Manganese  Steel  Rail  Company  of  New  York  City,  both  of  which 
rolled  a  quantity  for  the  Boston  Elevated  Railway,  and  they  were  laid  in 
the  track  November  4,  1908. 

At  the  same  time  Open-Hearth  steel  rails  were  becoming  more  sought 
for,  and  a  test  of  both  was  inaugurated  on  that  date  by  the  Chief  En- 
gineer Maintenance  of  Way.  The  rails  of  each  kind  in  the  test  were  laid 
alternately  and  measurements  were  taken  periodically  on  each  end  of  each 
rail  a  short  distance  away  from  the  joint.  It  would  have  been  better  to 
have  made  them  at  the  center,  as  a  hard  and  tough  rail  would  influence 
the  end  of  its  softer  neighbor.  The  latest  measurements,  taken  October 
1,  1913,  are  given  in  Table  VIII.  It  will  be  observed  that  the  best  record 
is  being  made  by  the  cast  Manganese  rails,  and  the  next  by  the  Pennsyl- 
vania Steel  Company's  rolled  "Manard"  rails. 
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The  price  of  the  Open-Hearth  rail  was  about  $30.00  per  tun,  and  of 
the  rolled  Manganese  rail  originally  $180.00  per  ton,  but  now  about  $go.co 
per  ton. 

Between  the  years  1903  and  1908  several  other  elevated  railroad  com- 
panies purchased  Manganese  steel  rail  for  sharp  curves  with  heavy  traffic. 

Description    of    Rolling    Manganese    Rails: 

The  following  description  of  the  process  of  rolling  Manganese  rail  is 
taken  from  a  report  in  1909  by  Mr.  E.  B.  Ashby,  Chief  Engineer  of  the 
Lehigh  Valley  Railroad: 

"An  average  analysis  of  the  rail  would  be  about,  manganese  12.50  to 
12.75  per  cent.,  carbon  0.92  to  0.95  per  cent.,  phosphorus  0.03  to  0.037 
and  sulphur  0.03  to  0.035.  To  get  this  tmount  of  manganese,  from  15 
to  17  per  cent,  of  ferro-manganese  is  added  in  the  ladle  when  pouring, 
about  one-half  being  put  into  the  ladle  when  empty,  the  balance  as  the 
pouring  progresses.  The  addition  of  the  manganese  greatly  increases  the 
heat  of  the  molten  metal,  raising  it  about  500  degrees. 

"The  ingots  averaged  17  in.  square,  and  from  57  to  58  in.  long,  the 
metal  being  poured  to  within  about  6  in.  of  the  top  of  the  mold.  After 
the  metal  is  properly  set,  the  ingots  are  put  into  the  usual  soaking  pits, 
but  are  kept  there  from  two  to  three  times  as  long  as  is  usual  in  the 
case  of  Bessemer  steel,  depending,  of  course,  on  the  heat.  The  ingots 
are  then  given  from  30  to  40  passes  in  the  blooming  mill,  the  time  con- 
sumed being  from  10  to  12  minutes,  and  the  section  being  reduced  to  8JA 
in.  by  5^4  in.  The  average  was  34  passes  in  14  minutes  to  obtain  this 
reduction,  the  bloom  being  worked  until  quite  stiff.  There  seemed  to  be 
considerable  delay  in  the  working  of  the  machinery.  The  bloom  was 
then  carried  to  the  shears,  where  the  discard,  about  20  per  cent.,  although 
it  may  be  anywhere  from  10  to  25  per  cent.,  was  made,  and  the  bloom 
cut  into  short  lengths,  each  sufficient  to  make  one  rail.  The  blooms  were 
then  carried  to  the  heating  furnaces,  where  they  were  held  from  5  to  9 
hours,  according  to  the  temperature  when  received.  The  blooms  were 
then  given  ten  passes,  five  in  each  in  the  shaping  and  finishing  rolls,  tak- 
ing about  2V2  minutes.  The  temperature  at  the  start  was  about  1,200  de- 
grees C,  and  about  400  degrees  were  lost  in  passing  through  the  rolls.  A 
rolled  shape  is  finished  at  a  higher  temperature  than  would  be  the  case  if 
carbon  steel  were  similarly  heated  and  worked,  because  the  specific  heat 
of  Manganese  steel,  ranging  from  0.145  at  ordinary  temperatures  to  about 
0.20  at  1,200  degrees  C,  is  considerably  higher  than  that  of  carbon  steel, 
and  its  coefficient  of  conduction  is  very  much  lower. 

"The  rails  were  then  given  a  water  bath  for  about  2l/2  minutes,  after 
which  they  were  thrown  on  the  cooling  racks.  The  camber  after  cooling 
is  most  extreme,  but  is  taken  out  by  camber  rolls  instead  of  the  usual 
gagging  press,  generally  two  passes  on  the  side  and  one  on  the  head  be- 
ing sufficient  to  straighten  them. 

"The  bolt  holes  are  punched,  without  developing  any  ill  effects  at  the 
edges  of  the  holes,  and  the  rails  cold-sawed  to  exact  lengths." 

The  steam  railroads  have  been  much  slower  than  the  elevated  rail- 
roads in  adopting  Manganese  steel  rails  because  of  the  high  cost,  while  at 
the  same  time  their  curves  are  not  so  sharp.  Nevertheless,  trials  have 
been  made  by  some  of  them,  and  will  be  described  by  the  reporter. 

Atchison,  Topeka  &   Santa    Fe   Railway   System: 

In  1909  the  Atchison,  Topeka  &  Santa  Ee  Railway  Company  pur- 
chased  enough   rolled   Manganese   rail  to   lay  about  a   mile  of  track,   and 
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placed  it  on  sharp  curves.  The  details  of  the  experiment  are  given  in 
Appendix  E.  After  3  years  and  2  months*  service  on  10-degree  curves 
(radius  574  ft.),  the  abrasion  amounted  to  0.11  sq.  in.  and  0.15  sq.  in.  for 
the  low  rails,  and  0.17  sq.  in.  and  0.18  sq.  in.  for  the  high  rails  per  10,- 
000,000  tons  of  traffic.  No  information  has  been  given  about  the  life  of 
the  ordinary  rail  used  at  these  places.  The  failures  of  these  Manganese 
rails  were  in  the  ratio  of  1  in  64  in  the  year  191 1,  and  1  in  111  in  1912. 
The  total  number  of  failures  has  been  7,  due  to  unknown  causes. 

Norfolk  &  Western    Railway: 

The  Norfolk  &  Western  Railway  Company  has  had  two  small  lots  of 
rolled  Manganese  rail  in  experimental  use.  The  chemical  analysis  is  9.93 
per  cent,  manganese,  0.77  per  cent,  carbon  and  0.06  phosphorus.  It  was 
of  85-lb.  A.S.C.E.  section  and  was  compared  with  Bessemer  rail  from  the 
Carnegie  Steel  Company  and  with  Open-Hearth  rail  from  the  Bethlehem 
Steel  Company,  of  the  same  weight  and  pattern.  The  first  trial  was  be- 
gun on  April  1,  1909,  in  comparison  with  the  Carnegie  rail,  which,  after 
i8.x/2  months  was  removed,  and  replaced  by  the  Bethlehem  rail,  which  was 
in  service  at  the  end  of  1912. 

The  areas  of  metal  abraded  were  as  follows : 

Carnegie  Bessemer  rail,  i8^4  months'  service,  0.825  sq.  in. 
Bethlehem  Open-Hearth  rail,  275/2  months'  service,  0.270  sq.  in. 
Manganese  rail,  46  months'  service,  0.350  sq.  in. 

The  second  trial  was  started  January  30,  1912,  with  the  following  re- 
sults for  areas  abraded  in  12  months: 

Bethlehem  Open-Hearth  rail,  0.19  sq.  in. 
ivianganese  rail,  0.08  sq.  in. 

The  conditions  of  service  are  the  same  for  the  rails  compared  to- 
gether, and  the  Bessemer  and  Open-Hearth  rails  are  of  the  ordinary  com- 
position already  quoted.  Three  of  the  Manganese  rails  of  the  first  trial 
broke,  without  any  definite  or  satisfactory  cause  being  assigned,  although 
it  was  thought  it  might  be  on  account  of  faulty  heat  treatment. 

Great  Northern  Railway: 

On  the  Great  Northern  Railway,  an  equal  number  of  rails,  as  fol- 
lows, were  laid  on  a  5-degree  curve  (radius  1,146  ft.),  one  mile  east  of 
Hudson,  Minn. : 

Manganese  rail  of  the  Pennsylvania  Steel  Company. 
Open-Hearth  rail  of  the  Pennsylvania  Steel  Company. 
Open-Hearth  rail  of  the  Illinois  Steel  Company. 
Open-Hearth  rail  of  the  Algoma  Steel  Company. 
Open-Hearth  rail  of  the  Bethlehem  Steel  Company. 
Bessemer  rail  of  the  Illinois  Steel  Company. 
Bessemer  rail  of  the  Algoma  Steel  Company. 
Bessemer  rail  of  the  Lackawanna  Steel  Company. 
Eerro-Titanium  rail  of  the  Lackawanna  Steel  Company. 

The  Ferro-Titanium  rail  was  removed  in  23  months,  on  account  of 
being  damaged  by  a  wreck. 
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The  Manganese  rail  was  in  the  track  at  the  end  of  ion,  and  showed 
the  least  wear. 

All  the  other  rails  were  removed  at  the  end  of  20  months. 

Trials  of  Manganese  rail  have  been  made  also  by  the  following  ad- 
ministrations, but  no  data  in  regard  to  them  have  been  supplied : 

Delaware,  Lackawanna  &  Western  Railroad. 
Central  Railroad  Company  of  New  Jersey. 
Northern  Pacific  Railway. 
Chicago  Junction  Railway. 
Delaware  &  Hudson  Company. 
Erie  Railroad. 

Chicago  &  North  Western  Railway. 

Lake  Shore  &  Michigan   Southern  Railway    (New  York 
Central  Lines). 

RESUME. 

The  use  of  Manganese  steel  rail  is  not  well  established  like  that  of 
Manganese  steel  frogs  and  switches,  but  it  is  still  being  tried  in  especially 
difficult  locations,  and  will  in  all  probability  meet  with  greater  favor 
among  railway  Engineers  when  some  of  the  objections  have  been  re- 
moved.    The  principal  faults  found  with  it  at  the  present  time  are: 

(1)  A  number  of  breakages  has  been  recorded,  which  is  disquieting. 
The  ordinary  rolled  carbon  steel  shapes  are  difficult  to  reproduce  in  Man- 
ganese steel,  on  account  of  the  trouble  in  quenching  the  metal  without  the 
formation  of  minute  cracks,  which  may  subsequently  cause  fracture. 

(2)  It  is  strong  and  tough,  but  the  hardness  is  not  superior  to  that 
of  Bessemer  steel,  and  consequently  the  resistance  to  battering  at  the  ends 
of  the  rails  is  not  altogether  satisfactory.  Measurements  to  show  this 
have  been  made  by  the  Atchison,  Topeka  &  Santa  Fe  Railway  System 
Engineers,  as  pictured  in  Appendix  E,  Fig.  68.  The  maximum  joint  de- 
pression or  "set"  recorded  by  them  up  to  the  present  time  seems  to  be 
0.10  in.,  after  3  years  and  2  months'  service. 

(3)  The  present  primary  cost,  about  $90.00  per  ton  of  2,240  lbs.,  is 
so  high  that,  although  the  resistance  to  wheel  flange  abrasion  on  curves  is 
very  great,  greater  than  any  other  metal  tried,  the  resulting  economy  is 
not  sufficiently  great  to  be  attractive  to  the  railway  administrations.  It  is 
hoped  that  additional  knowledge  and  skill  in  manufacture  will  overcome 
this,  because  the  price  has  already  been  reduced  from  $180.00  per  ton. 
This  high  price  was,  of  course,  partly  due  to  the  very  small  quantities 
produced,  and  the  lack  of  suitable  manufacturing  facilities. 

(4)  It  is  impossible  to  drill  or  cut  it  in  the  field,  on  account  of  its 
great  toughness.     It  is  beyond  the  reach  of  present  tools. 

(c)     Manganese  Steel  for  Guard  Rails. 

The  use  of  Manganese  steel  for  guard  rails  has  been  introduced 
within  the  last  four  or  five  years,  because  of  the  increasing  severity  of 
the  service  which  must  be  performed  by  a  guard  rail  in  guiding  the 
wheels   of  the  modern   extremely   heavy  equipment' safely  past  the   frog 
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Between  Ties  Near  Ends 


On  Ties  Near  Ends 


Between  Ties  at  Center 

:\c.  45.    Sections  of  Manganese  Steel  One-Piece  Guard  Ram. 
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point.  The  wearing  away  of  a  guard  rail  made  of  Bessemer  or  Open- 
Hearth  rail,  the  common  practice,  is  very  rapid,  which  causes  a  frequent 
adjustment  or  resetting  in  order  to  make  it  perform  its  work  effectively. 
A  more  resistant  material  will  reduce  the  number  of  resettings  and  save 
labor.  The  relative  economy  of  the  Manganese  steel  one-piece  guard  rail 
is  now  fairly  well  determined,  but  additional  trials  are  being  made,  and  its 
use  is  already  quite  large.  The  pioneer  design  is  illustrated  in  Figs.  43, 
44  and  45. 

II.     NICKEL  STEEL  RAIL. 

Between  the  years  1900  and  1902,  some  small  lots  of  Bessemer  rail 
with  a  percentage  of  nickel  were  rolled  for  trial  by  different  administra- 
tions, some  of  which  were  the  Pennsylvania  Lines,  Baltimore  &  Ohio 
Railroad,  Bessemer  &  Lake  Erie  Railroad,  Lehigh  Valley  Railroad,  New 
York  Central  Lines  and  Pennsylvania  Railroad. 

Pennsylvania    Lines: 

The  Pennsylvania  Lines  (North  West  and  South  West  Systems)  be- 
tween March  and  June,  1903,  laid  3,248  tons  (2,240  lbs.  per  ton)  or  22 
miles  of  Nickel  rail,  weighing  85  lbs.  per  yard,  in  comparison  with  Besse- 
mer rail  in  curved  track,  some  of  the  curves  of  which  were  as  sharp  as 
7  degrees  (radius  819  ft.).  The  two  kinds  were  laid  in  alternate  stretches, 
the  change  from  Nickel  to  Bessemer  being  made  at  the  center  of  the  curve 
so  that  one-half  of  the  curve  was  laid  with  each  kind,  in  order  to  have 
them  under  the  same  conditions  of  traffic,  as  illustrated  in  Fig.  46,  which 
is  a  typical  situation  plan  of  a  test  for  the  comparison  of  service,  as 
shown  by  the  relative  abrasion  or  wear  of  the  two  kinds  of  rail. 

The  average  chemical  composition  of  the  two  kinds  of  rail  was  as 
follows  : 

TABLE  IX. 


Pennsylvania  Lines 

Kind  of 
Steel 

Carbon 

Phosphorus 

Manganese 

Silicon 

Sulphur 

Nickel 

North  West  System  .  . 
South  West  System... 

[Nickel.... 
\Bessemer.. 

/Nickel.... 
\Bessemer.. 

0.443 

0.498 

0.433 

0.430 

0.090 
0.093 

0.090 
0.095 

0.833 
0.850 

0.800 
0.910 

0.659 

0.105 

0.090 
0.106 

0.030 
0.039 

0.030 
0.037 

3.46 

3.44 

The  price  paid  per  ton  for  Nickel  rail  was  $54.50  and  for  Bessemer 
rail  was  $28.00,  and  the  scrap  Nickel  rail  was  to  be  received  back  at  $19.60 
per  ton  for  the  nickel  plus  whatever  might  be  the  market  price  for  old 
steel  rails  at  the  time  of  return  (all  2,240  lbs.  per  ton). 

The  outline  or  profile  of  the  rail  section  was  measured  with  a  Sommer 
&  Rauge  (Berlin)  instrument,  illustrated  in  Figs.  47  and  48,  twice  a  year, 
at  set  places,  numbered  as  illustrated  in  Fig.  40,  in  order  to  determine  the 
rate  of  abrasion,  and  ultimately  the  comparative  wear  or  life.  Figs.  49 
to  52  show   the   measurements   of  the   sections   having  the   maximum  and 
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Fig.  47.     Instrument  for  Measuring  "Profile"  or  "Section"  of  Rail 

While  in  Track. 

(Manufactured  by  Sommer  &  Range,  Berlin.) 
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lining  under 
Head 


Fig.  48.     Instrument  for   Measuring  "Profile"  or  "Section"'  of  Rail 

While  in  Track. 
(Manufactured  by  Sommer  &  Range,  Berlin.) 
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average  abrasion  for  the  test  selected  for  illustration.  At  some  points 
the  Nickel  rail  showed  some  slight  superiority  in  life,  but  the  average  of 
all  the  tests  pointed  to  the  fact  that  the  life  of  each,  and  hence  resistance 
to  abrasion,  was  practically  the  same. 

The  removals  began  in  1906,  and  were  continued  until  191 1  when  the 
last  was  removed,  these  differences  being  due  to  the  differences  in  degree 
of  curvature  and  amount  of  traffic. 

It  is  also  necessary  to  compare  the  relative  safety  by  keeping  a  record 
of  the  failures,  and  these  are  given  in  Table  X. 

To  test  the  strength  and  ductility  of  the  Nickel  steel,  48  pieces  struck 
by  a  weight  of  2,240  lbs.,  falling  from  a  height  of  17  ft.  10  in.,  the  sup- 
ports for  the  test  pieces  being  spaced  3  ft.  apart,  gave  a  deflection  of  1^2 
to  2^4  i"-,  the  average  being  ijg  in.     Only  one  piece  broke. 

This  series  of  tests  shows  that  the  Nickel  rail  cost  almost  twice  as 
much  as  the  Bessemer,  lasted  only  about  the  same  length  of  time  under 
similar  conditions,  and  was  less  strong  and  safe,  having  a  very  small 
ratio  of  rails  laid  to  one  failure. 

Bessemer  &  Lake   Erie   Railroad: 

The  Bessemer  &  Lake  Erie  Railroad  reported  that  the  Nickel  steel 
rails  tried  by  that  company  did  not  give  satisfactory  results.  The  chem- 
ical constituents  were  carbon  0.35  to  0.45,  phosphorus  0.04,  manganese 
0.65  to  0.80,  silicon  0.05  to  0.15,  nickel  3.00  to  5.00  per  cent.  The  physical 
properties  were  as  follows  : 

TABLE  XL 


Kind  of  Steel 

Ultimate  Strength 
pounds  per 
square  inch 

Elastic  Limit 
pounds  per 
square  inch 

Elongation 

per  cent  in 

2  inches 

Reduction 
of  area, 
per  cent 

Brinell 
Hardness 

Nickel  Rails 

135,000 
115,000 
115,000 

so, 1 

75,000 
75,000 

15 
15 
16 

25 
18 
•20 

220 

Open-Hearth  Rails 

220 
22(1 

New  York  Central    Lines: 

On  the  New  York  Central  &  Hudson  River  Railroad,  200  tons  of 
Nickel  rail,  80  lbs.  per  yard,  were  laid  in  1903,  and  100  tons  of  100  lbs. 
per  yard  in  1905.  Both  lots  were  Bessemer  steel  with  0.40  to  0.50  carbon 
and  3J/2  per  cent,  nickel.  The  80-lb.  rails  after  a  short  time  of  service 
commenced  to  flow  laterally  on  the  curves,  and  large  flakes  were  detached 
from  the  heads,  though  the  loss  of  metal  did  not  take  place  quite  so 
rapidly  as  in  the  case  of  the  plain  Bessemer  rails  laid  with  them  for 
comparison.  The  flow  from  the  heads  of  the  100-lb.  rails  was  rapid,  great 
slivers  being  detached  on  the  curves  after  a  few  months'  service. 

Baltimore  &  Ohio  Railroad: 

One  of  the  administrations  which  has  been  most  assidious  and  pains- 
taking in  making  trials  of  Special  Steels  is  the  Baltimore  &  Ohio  Railroad 
Company,    and    several    of    its    records    of    comparative    tests    of    Nickel 
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Nickel-Chromium  and  Titanium-treated  rail  with  Bessemer  and  Open- 
Hearth  rail  are  given  in  Appendix  F,  together  with  a  description  of  the 
methods  adopted. 

Test  No.  ii  is  a  comparison  between  Nickel  steel  and  Bessemer  steel 
rails,  the  tables  in  Appendix  F  showing  the  chemical  composition  of  both. 
The  amount  of  nickel  is  3.32  per  cent.  The  diagram  shows  that  for  the 
first  28  months  the  Nickel  rail  wore  away  faster  than  the  Bessemer,  but 
after  that  Bessemer  wore  away  faster  in  increasing  ratio,  and  at  the  end 
of  the  trial  this  abrasion  or  wear  had  amounted  to  21  per  cent,  greater. 
The  test  rails  were  laid  on  the  outside  of  the  curve  only,  as  shown  in  the 
location  diagram  at  the  top. 

The  result  of  this  test  seems  to  be  more  favorable  to  Nickel  rail  than 
those  previously  described. 

III.     NICKEL-CHROMIUM   STEEL  RAIL. 
Baltimore  &  Ohio   Railroad: 

The  next  step  was  to  add  Chromium,  a  hardener,  to  the  Nickel  steel 
rail,  and  Tests  Nos.  911,  913,  914,  915  and  916  (Appendix  F)  are  of  that 
alloy  (only  Nos.  911  and  915  illustrated). 

The  Nickel-Chromium  rail  was  of  the  usual  Open-Hearth  steel  with 
2^  per  cent.  Nickel  and  0.50  to  0.90  per  cent.  Chromium,  and  the  com- 
parisons were  made  with  ordinary  Open-Hearth  rail,  and  with  Bessemer 
steel  rails  in  addition  in  Tests  Nos.  915  and  916. 

The  hardening  effect  of  the  Chromium  is  clearly  exhibited  in  the  dia- 
grams of  all  the  tests,  and  the  inferiority  of  the  Bessemer  rail  to  either 
of  the  others  is  plainly  evident.  In  the  case  of  the  "outside"  or  "high" 
rails  the  abrasion  of  the  Open-Hearth  rail  was  10,  13,  35,  38  and  55  per 
cent,  greater  in  the  different  tests  than  the  Nickel-Chromium  alloy ;  and 
in  the  case  of  the  "inside"  or  "low"  rails  the  abrasion  of  the  Open-Hearth 
rails  was  14,  22,  37,  58  and  62  per  cent,  greater. 

It  will  be  noticed  in  the  location  diagram  of  Test  No.  511  that  there 
were  20  rails  of  each  kind  in  the  test,  on  a  9-degree  20-minute  curve 
(radius  615  ft.),  and  that  5  Nickel-Chromium  and  no  Open-Hearth  rails 
broke,  while  1  Nickel-Chromium  and  4  Open-Hearth  rails  had  crushed 
heads.  This  shows  that  the  greater  resistance  to  abrasion  of  the  Nickel- 
Chromium  rail  is  at  the  expense  of  greater  brittleness. 

In  Test  No.  913,  with  16  rails  of  each  kind  in  the  test,  on  a  /-degree 
32-minute  curve  (radius  761  ft.),  5  of  the  Nickel-Chromium  rails  broke 
and  one  had  a  split  head,  while  none  of  the  Open-Hearth  rails  failed. 

In  Test  No.  914,  with  19  Nickel-Chromium  rails  and  15  Open-Hearth 
rails,  on  a  4-degree  30-minute  curve  (radius  1,274  ft.),  3  of  the  former 
broke  and  two  had  split  heads,  while  2  of  the  latter  broke  and  one  had  a 
split  head. 

In  Test  No.  015.  with  18  Nickel-Chromium  rails  and  23  Open-Hearth 
rails,  on  an  8-degree  curve  (radius  717  ft.),  5  of  the  former  broke  and  I 
of  the  latter  had  a  split  head, 
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In  Test  No.  916,  with  19  Nickel-Chromium  and  21  Open-Hearth  rails, 
on  a  6-degree  curve   (radius  955  ft.),  there  is  no  record  of  any  failures. 

All  of  the  tests  show  that  for  greater  resistance  to  the  forces  of  the 
abrasive  action  of  wheels  the  addition  of  Nickel  and  Chromium  to  Open- 
Hearth  steel  rails  in  the  quantities  and  in  the  manner  used  is  very  de- 
sirable, but  is  undesirable  on  the  score  of  safety. 

Central    Railroad   Company   of   New  Jersey,   and    Erie    Railroad: 

Similar  unsatisfactory  service  has  been  given  by  Nickel-Chromium 
rail  on  the  Central  Railroad  of  New  Jersey,  where  the  breakages  were  1  in 
20  rails  laid,  and  on  the  Erie,  where  they  were   1  in  78  rails  laid. 

Lehigh   Valley    Railroad: 

On  the  Lehigh  Valley  Railroad  the  results  of  trials  were  the  same  in 
regard  to  failures,  but  the  rate  of  abrasion  was  slower  than  for  ordinary 
steel  under  the  same  conditions,  the  difference  being  as  high  as  70  per 
cent,  in  some  cases.  The  composition  of  the  rails  was  carbon  0.50  to  0.60, 
phosphorus  not  over  0.04,  manganese  0.60  to  0.90,  nickel  2.0,  chromium 
0.4  to  0.75  per  cent. 

RESUME. 

It  is  evident,  therefore,  from  these  trials  that  Nickel  and  Chromium 
introduced  into  the  rail  steel  in  the  quantities  and  proportions  used,  and 
in  the  manner  adopted  by  the  manufacturers,  gave  quite  unsatisfactory 
results,  but  there  is  a  natural  ore  containing  Nickel  and  Chromium  in 
different  proportions  from  those. cited  from  which  rail  steel  is  being  made, 
which  is  much  more  satisfactory. 

IV.  HIGH  CARBON  STEEL  RAIL. 

Pennsylvania   Lines: 

The  only  administration  which  has  sent  in  any  information  about 
high-carbon  steel  rails  is  the  Pennsylvania  Lines,  and  the  experiments 
carried  on  by  that  company  have  been  described  in  Appendix  G.  They 
have  given  excellent  service  from  the  standpoint  of  resistance  to  the 
abrasive  action  of  wheels,  lasting  more  than  twice  as  long  as  ordinary 
Bessemer  and  Open-Hearth  rail,  under  similar  conditions  of  traffic,  but 
have  developed  serious  fault  from  the  standpoint  of  safety,  as  the  break- 
ages have  been  numerous,  1  in  14  rails  laid,  and,  most  alarming  of  all, 
the  silvery  oval  spot,  called  the  "transverse  fissure,"  has  been  found  in  the 
head.  The  carbon  was  very  high  for  rail  weighing  85  lbs.  per  yard,  from 
0.80  to  0.88  per  cent.,  and  in  addition  Nickel  and  Chromium  were  present, 
making  a  very  hard  and  brittle  material,  and  it  is  not  known  what  the 
effect  might  be  in  the  case  of  rails  of  heavier  section.  It  is  customary  to 
increase  the  percentage  of  carbon  in  the  heavier  rails.  It  is  evident  that 
the  proportions  used  in  the  85-lb,  section  were  too  high. 
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B.     SPECIAL  PROCESS    STEELS. 

TITANIUM,  ALUMINUM,  VANADIUM  AND  SILICON  IN  STEEL 

RAILS. 

Silicon  belongs  strictly  under  the  head  of  "A.  Special  Steels,"  but  is 
discussed  in  connection  with  Titanium,  Aluminum  and  Vanadium  because 
its  effects  are  similar. 

It  has  come  to  be  fully  recognized  by  American  railway  Engineers 
that  sound  ingots  are  essential  for  the  production  of  sound  rails,  and, 
although  nearly  all  railways  are  opposed  to  interference  in  the  processes 
of  manufacture,  believing  instead  in  the  principle  of  specifications  for 
rails  which  set  forth  clearly  and  concisely  the  physical  qualities  which 
they  must  have,  and  the  methods  of  conducting  tests  which  will  prove 
that  the  product  offered  for  sale  does  or  does  not  possess  those  qualities, 
nevertheless,  it  is  the  universal  practice  in  the  United  States  and  Canada 
to  specify  the  chemical  constituents  as  well,  and  a  few  introduce  other 
clauses  relating  to  mill  practice,  such  as  holding  in  the  ladle  for  a  speci- 
fied time,  size  of  teeming  nozzle,  length  of  ingots,  etc.,  as  described  in 
Appendix  H,  which  gives  the  results  of  practice  and  experiments  on  the 
New  York  Central  Lines. 

While  such  requirements  have  generally  been  excluded  from  specifi- 
cations, yet  the  subject  of  mill  practice  has  been  and  is  being  widely 
studied  by  the  railway  Engineers,  and  many  of  their  studies  will  be  found 
in  the  annual  Proceedings  of  the  American  Railway  Engineering  Asso- 
ciation and  of  other  technical  societies. 

The  subject  of  sound  ingots  has  been  dealt  with  in  the  above  Pro- 
ceedings, Vol.  14,  year  1913,  page  449  et  seq.,  and  in  "Transactions  of  the 
American  Institute  of  Alining  Engineers"  for  the  meeting  of  February, 
1913,  but  the  principal  papers  on  which  these  discussions  were  based  were 
from  the  "Journal  of  the  Iron  and  Steel  Institute,"  No.  II,  for  1912,  and 
for  May,  1913. 

Mr.  Bradley  Stoughton  has  admirably  summed  up  our  available  in- 
formation on  ingot  defects,  and  what  follows  is  largely  taken  from  his 
article.* 

These  defects  are  phosphorus,  which  has  been  mastered  in  the  Open- 
Hearth  steel  process,  slag  inclusions  (sub-divided  into  solid  oxidized  en- 
closures and  entrained  sulphides),  blowholes,  combined  gases,  pipes  and 
segregation. 

The  purpose  of  the  addition  of  aluminum,  silicon,  ferro-titanium, 
vanadium  and  other  "physics"  or  "cleansers,"  is  to  remove  as  many  of  the 
defects  enumerated  as  possible.  In  doing  this,  aluminum  and  titanium 
pass  off  with  the  impurities  and  leave  no  trace  behind  in  the  finished  rail. 

SLAG   ENCLOSURES. 

The  oxides  of  iron,  silicon,  manganese,  aluminum,  phosphorus  and 
calcium  originate  directly  or  indirectly  from  the  oxidation  of  iron  and  its 


♦Railway   Age   Gazette,   Feb.   7,    1913,    p.    245. 
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constituents  during  the  process  of  conversion  into  steel,  and  are  probably 
in  the  liquid  bath  in  the  form  of  emulsified  particles  which  will  be  held 
in  suspension  for  a  long  time  unless  coagulated  and  removed  by  gravity, 
and  when  this  occurs  it  is  for  the  most  part  during  the  recarburizing  of 
the  steel.  Perhaps  the  oxide  of  iron  at  least  may  be  soluble,  and  the  other 
oxides  which  originate  chiefly  because  silicon,  manganese,  aluminum,  etc.. 
are  added  to  decompose  iron  oxide,  are  themselves  entangled  before  they 
have  a  chance  to  escape. 

"Acid  steel  seems  to  be  less  liable  to  the  defect  than  basic  steel,  but 
slag  inclusion  is  an  impurity  which  must  be  reckoned  with  in  all  steel 
which  has  been  purified  by  oxidation,  and  especially  in  all  steel  which  has 
been  recarburized. 

"These  foreign  bodies  are  dangerous  in  their  influence  not  only  in 
causing  steel  to  be  frequently  brittle  and  unreliable,  but  more  especially 
in  creating  microscopic  fissures  and  flaws  (generally  in  the  interior  of  the 
steel),  which  continuously  develop  under  the  strains  of  service  and  often 
cause  the  sudden  rupture  of  steel  which  withstood  a  severe  test  for  ac- 
ceptance. This  ill  effect  of  the  foreign  oxides  is  dependent  not  so  much 
on  their  size  or  amount  as  on  their  mode  of  occurrence  between  the 
pearlite  crystals  of  the  steel,  where  they  lessen  the  toughness  of  hypo- 
eutectic  steel  by  interfering  with  the  intercrystalline  ferrite  upon  which 
this  toughness  so  largely  depends,  and  where  they  increase  the  fragility 
of  hypo-eutectic  steel  due  to  the  intercrystalline  cementite.  This  mode 
of  occurrence  is  probably  the  reason  why  slag  enclosures  are  more  dan- 
gerous to  high  carbon  steels." 

A  very  important  property  of  these  oxide  enclosures  is  their  melting- 
point  in  relation  to  the  melting-point  of  steel,  because  if  the  enclosures 
become  solid  before  the  steel  is  frozen,  their  escape  from  the  bath  is  ren- 
dered more  difficult.  Silica  and  some  of  the  silicates,  especially  if  made 
less  fusible  by  the  presence  of  aluminum,  have  a  higher  melting-point 
than  mild  steel,  and  often  become  entangled  therein.  The  fluxing  property 
of  titanium  oxide  on  silicates  and  other  oxides  is  therefore  the  cause  of 
its  well-known  effect  in  eliminating  slag  enclosures  from  steel  ingots. 
It  assists  them  to  coalesce  and  this  removes  them,  but  the  bath  should  be 
left  for  at  least  3  minutes  in  Bessemer  steel  and  8  to  10  minutes  in  Open- 
Hearth  steel,  after  the  titanium  addition,  in  order  that  this  washing  out 
of  the  enclosures  may  be  completed.  Manganese  oxide,  manganese  sili- 
cate and  manganese  sulphide  are  the  commonest  of  the  solid  enclosures. 

Mr.  Stoughton  agrees  with  Dr.  Dudley  in  condemning  the  use  of 
aluminum,  which  is  excluded  from  the  New  York  Central  Lines  rail 
specifications,  in  the  following  words : 

"The  addition  of  aluminum  for  recarburizing  is  seen  to  be  dangerous 
practice,  because  aluminum  not  only  forms  a  deleterious  enclosure  by 
itself,  but  it  increases  the  viscosity  of  other  solid  enclosures  and  this 
hinders  or  prevents  their  coalescence  and  removal.  .  .  .  To  add  alumi- 
num in  the  ladle  is  worse  than  adding  it  in  the  furnace,  and  its  addition 
in  the  ingot  may  be  followed  by  grave  consequences.  Deoxidation  by 
aluminum  in  ingots  is  a  practice  which  can  only  be  required  when  the 
previous    manufacture   of    the    steel    was    improperly    or   neglectfully   per- 
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formed;   such  addition   is   wrong   and    is   now    forbidden   by   specifications 
of  several  large  consumers. " 

SULPHIDE    ENCLOSURES. 

Sulphides  entrained  in  steel  ingots  produce  an  effect  like  that  dis- 
cussed in  the  case  of  oxide  enclosures.  Manganese  sulphide  is  much  less 
injurious  to  the  properties  of  steel  than  iron  sulphide,  so  that  the  addition 
of  manganese  to  liquid  steel,  forming  manganese  sulphide,  MnS,  will  les- 
sen the  evil,  and  will  also,  to  a  limited  degree,  bodily  remove  some  of  the 
entrained  sulphide  if  the  bath  is  left  in  a  quiescent  state  for  a  short  time. 
Having  a  much  higher  freezing  temperature  than  the  iron-sulphur  eutectic, 
the  manganese  addition  also  moderates  segregation,  but  it  is  still  an  evil, 
making  steel  somewhat  red-short,  initiating  fissures  and  cracks,  and  caus- 
ing the  corrosion  of  steel  by  producing  local  differences  of  electric  po- 
tential. The  basic  processes  of  steel  manufacture  have  been  the  greatest 
remedy  for  sulphide  evils  by  removing  sulphur  almost  to  harmless  traces, 
provided  the  resulting  basic  steel  be  thoroughly  deoxidized  and  quieted, 
in  order  to  limit  segregation,  and  not  interefere  with  the  perfect  welding 
of  blowholes. 

BLOWHOLE  PREVENTION. 

The  gases  ordinarily  found  in  blowholes  are :  Carbon  dioxide,  car- 
bon monoxide,  hydrogen,  nitrogen  and  hydro-carbons.  To  prevent  them 
they  must  either  be  eliminated  entirely  from  the  steel,  together  with  the 
agents  which  form  them  anew,  or  else  they  must  be  partially  eliminated, 
and  partially  caused  to  dissolve  by  increasing  the  solvent  power  of  the 
steel  for  them.  Iron  oxide  is  the  agent  which  chiefly  forms  blowhole 
gases  anew,  because  it  reacts  with  carbon  when  the  temperature  falls,  and 
particularly  when  the  metal  is  so  viscous  that  the  gas  bubbles  cannot 
escape  from  it.  The  complete  elimination  of  iron  oxide  is  therefore  the 
secret  of  blowhole  prevention.  The  best  deoxiders  are  aluminum  and 
titanium,  but  vanadium  and  silicon  are  likewise  effective,  and  manganese 
and  carbon,  by  deoxidizing  the  metal,  greatly  lessen  the  tendency  to  form 
blowholes.  Silicon  has  the  disadvantage,  when  used  in  connection  with 
a  basic  process,  that  the  first  ingots  may  be  quite  free  from  blowholes, 
while  the  latter  ones  may  be  porous  on  account  of  the  absorption  of  the 
silicon  in  the  interval  by  the  basic  slag.  "If  steel  is  so  thoroughly  de- 
oxidized that  no  blowholes  form,  the  volume  of  the  pipe  will  be  corre- 
spondingly increased,  and,  conversely,  if  a  sufficient  number  of  blowholes 
is  allowed  to  form,  the  pipe  may  be  almost  entirely  avoided." 

GASES    IN    STEEL. 

"The  same  gases  found  in  blowholes  are  also  found  occluded  in  the 
steel,  or  combined  with  it,  where  they  reduce  both  the  strength  and  duc- 
tility. This  is  especially  true  of  hydrogen  and  nitrogen,  as  well  as  oxy- 
gen. Hydrogen  is  still  an  unconquered  impurity,  except  that  silicon, 
aluminum  and  titanium  cause  it  to  remain  dissolved  in  the  steel  instead 
of  forming  a  blowhole.     Nitrogen  is  removed  in  large  part  by  titanium, 


86  SPECIAL    STEELS. 

which  has  a  greater  affinity  for  this  inert  element  than  any  other  known 
substance,  whose  effect  on  the  steel  is  embrittling  and  harmful.  Vana- 
dium, too,  perhaps,  causes  a  partial  elimination  of  this  gas,  and  both 
titanium  and  vanadium  seem  able  to  get  rid  of  oxygen  in  both  of  its 
gaseous  forms,  and  the  same  result  is  obtained  by  a  super-refining  in  an 
electric  furnace." 

PIPES. 

"Titanium,  vanadium,  aluminum,  silicon,  and  any  other  element  which 
decreases  blowholes,  will  increase  the  volume  and  depth  of  pipe,  that  is, 
the  purer  the  steel  the  larger  will  be  the  pipe.  Aluminum  and  silicon 
have  a  special  influence  in  increasing  the  depth  of  piping  on  account  of 
their  causing  the  steel  to  pass  quickly  from  the  liquid  to  the  solid  state, 
while  titanium  and  vanadium  tend  to  lengthen  the  period  of  solidification 
and  thus  decrease  the  depth  of  the  pipe  in  relation  to  its  volume.  Alumi- 
num has  a  further  ill  effect  on  the  depth  of  the  pipe  in  that,  if  added  in 
too  large  proportions,  it  segregates  and  may  produce  a  pipe  extending 
even  from  top  to  bottom  of  the  ingot."  It  would  appear,  therefore,  that 
these  deoxidizers  would  be  most  valuable  in  connection  with  some  method 
for  removing  the  deep  pipe  from  the  top  of  the  ingots,  such  as  the  Had- 
field  method  of  heating  the  top  of  the  ingot,  the  Talbot  method  of  semi- 
liquid  compression  in  a  rolling  mill,  or  the  Goldschmidt  method  of  heat- 
ing and  stirring  by  thermit. 

SEGREGATION. 

"The  most  beneficial  remedy  for  segregation  is  to  deoxidize  and 
quiet  the  steel,  and  researches  have  proved  that  aluminum  and  titanium 
are  especially  effective  in  this  respect.  Manganese  and  silicon  themselves 
segregate  and  therefore  are  more  of  a  detriment  than  a  remedy.  Vana- 
dium is  quieting  to  steel,  and,  for  this  reason,  is  probably  a  preventive  of 
segregation." 

The  comparative  influence  of  different  "corrective  agents"  on  ingot 
defects  is  given  by  Mr.  Stoughton  in  the  following  table: 
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TABLE  XII. 

INFLUENCE  0?  CERTAIN  "CORRECTIVE  AGENTS"  ON 
DEFECTS  IB  STEEL  INGOTS, 15  THE  RELATIVE  OEDEE 
OF  THEIR  EFFECTIVENESS. 


Prevents 
Blowholes 


Removes  Oxides 
of  Iron  and 

Manganese 


Removes  all 
Oxides  and 

Slag  Enclos- 
ures 


Removes 
Nitrogen 


Breaks  up  and 
removes  Sul- 
phide of  Iron 


Causes  a 
Pipe 


Hinders 
Segregation 


1  .Aluminum 
2. Titanium 
3.  Silicon 
4. Vanadium 
6  .Manganese 


1. Titanium 

2. Silicon 
(weakly) 

Hinders  this 

removal 
l.Alumlnun 

2  .Manganese 


1. Titanium 
Hinders  re- 
moval of  all 


these  en- 
closures 
1. Aluminum 


1. Titanium 


2 .Vanadium 
(?) 


1  .Manganese 
2. Titanium  f?) 


1. Aluminum 
2. Silicon 
3. Titanium 
4. Vanadium 
5 •Manganese 


Aluminum 
Titanium 


Promotes 
segregation 


1 .Manganese 

2. Silicon 
(sometimes) 


Note.—  Words  printed  in  italics   indicate  a  detriment  to  the  steel. 


Having  set  forth  at  some  length  in  the  foregoing  the  various  re- 
actions and  effects  of  the  deoxidizers,  titanium,  aluminum  and  silicon, 
in  the  bath  of  molten  steel  and  in  the  ingots,  some  attention  will  now  be 
given  to  the  results  of  the  practical  trial  of  rails  manufactured  from  steel 
in  which  thev  were  introduced. 
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I.     TITANIUM. 
New  York  Central  Lines: 

The  administration  which  first  began  the  use  of  ferro-titanium  in 
steel  from  which  rails  were  made  is  the  New  York  Central  Lines,  and 
the  history  of  this  use  and  the  results  of  the  trials  have  been  set  forth 
in  Appendix  H  from  information  obtained  from  P.  H.  Dudley,  C.E.,  Ph.D. 
That  administration  is  well  satisfied  with  the  titanium  treatment,  prin- 
cipally by  reason  of  the  more  homogeneous  and  more  ductile  metal,  be- 
cause the  difference  in  abrasive  resistance  between  plain  Open-Hearth 
steel  rails  and  Titanium-treated  Open-Hearth  steel  rails  is  very  small. 

Delaware  &  Hudson  Company: 

Other  administrations  have  made  experimental  use  of  Titanium- 
treated  steel  rails,  one  of  which  is  the  Delaware  &  Hudson  Company, 
which  obtained  250  tons  of  90-lb.  A.S.C.E.  Open-Hearth  rail  treated  with 
0.1  per  cent,  metallic  titanium,  and  compared  it  with  the  standard  Open- 
Hearth  steel  rails  on  curves  with  the  same  traffic.  The  carbon  appeared 
to  be  somewhat  higher  in  the  Titanium-treated  rails,  but  the  latter  were 
on  4-degree  (radius  1,433  ft)  and  4-degree  8-minute  (radius  1,387  ft.) 
curves,  as  compared  with  a  3-degree  31-minute  (radius  1,630  ft.)  curve 
for  the  former.  With  these  differences  the  Titanium-treated  rails  showed 
considerably  increased  resistance  to  abrasion,  51  per  cent.,  as  given  in 
detail  in  Fig.  53,  which  shows  the  sections  most  closely  representing  the 
average  abrasion,  the  measurements  for  which  were  made  October  20, 
1913. 
Lehigh  Valley  Railroad: 

The  results  of  trials  on  the  Lehigh  Valley  Railroad  are  indicated  by 
Fig.  54,  which  shows  the  nearest  representations  of  the  average  wear  for 
all  sections.  The  carbon  is  higher  in  the  Titanium-treated  rail,  but  the 
latter  is  laid  on  a  little  sharper  curve.  Under  these  circumstances  the 
superiority  in  resistance  to  abrasion  is  54  per  cent,  for  the  Titanium- 
treated  rail.     That  company  has  used  more  than  57,000  tons  of  such  rail. 

Northern   Pacific   Railway: 

The  Northern  Pacific  Railway  has  purchased  13,133  tons  of  Bessemer 
rail,  treated  with  0.1  per  cent,  of  metallic  titanium,  having  the  following 
chemical  composition  compared  with  Open-Hearth  rail : 

TABLE  XIII. 


Chemical  Elements 

1  itanium-treated 
Steel 

Open-Hearth 
Steel 

Carbon 

0.45  to  0.55 

0.10 

0.70  to  1.00 

0.05  to  0.20 

0.62  to  0.75 

0.04 

Manganese 

0.80 
0.05  to  0.20 
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Explanation    of  Figs.  53  and  54 


Fig  53.        Nos.101  and  102  TITANIUM-TPEATED  OPEN-HEARTH 

0./%  Metallic -Titanium  used 
Location,First  Curve  South  of  Mowes  Cave  Station,  North  Bound  Trk 
Curvature  46, Grade  22%  Down 
Laid  in  Track    July    1911. 
Measured  November  2,1911  May  I,  November^,  1912    October  20,1913. 
Wear  m  Square  Inches  in  27  Months 
High  30  Low  .17  Average   235 

Numbers  202  and  203 
STANDARD   OPEN- HEARTH 
Location  Second  Curve  North  of  Mile  Post   41 . 
Curvature  3°30',  Grade  22%  Down 
Laid  in  Track  June  1911 
Measured  November  2, 191 1,  May  I.November  4, 1 91 2, October  20,1913 
Wear  In  Square  Inches  in  Z8  Months 
High  40  Low  .17         Average  .255 

Number  3  and  4.  TITANIUM  -TREATED     OPEN -HEARTH 
Ol%Metalic -Titanium  used 
Location, in  Curve  at  Howes  Cave  Station  North  Bound  Track 
Curvature  4*©',  Grade    27%  Down 
Laid   in  Track  July  191 1 
Measured  November  2,l9l/,May  I.November  4, 1912, October  20,1913 
Wear  in  Square  Inches ,  in  27  Months 
High  25  Low   13  Average  .19 

Fig   54      Number  4, TITANIUM-TREATED    OPEN-HEARTH. 

Located  .near  Moosehead  Pa 
High  Qail.East  Bound  Track,  Gauge  4'- Q'A''      Super  elevation  4" 
Curvature  G*  I6\ Grade  1.3%   Down. 
Rail    marked  Bethlehem  OH  9OA.FTVXI9I0 
ASCE    90  lbs  per  Yard. 
Laid   August,  1910.      Measured    April  10,  1912 
In  Service    Z0    Monfh6 

Number  7,  STANDARD   OPEN-HEARTH 
Located    near      Braders 
Hiqh  Rail.East  Bound  Track. Gauge  4'- 8%'  Superelevation  3*// 
Curvature  5°  5  5\  Grade   1.3%  Down 
Rail   marked  Bethlehem  OH.  90 A  Y  1908 
ASCE.  90  lbs.  per  Yard 
Laid    August   I9IO  Measured     April  10,1910 

In  Service    20  Month9 
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ABBREVIATIONS 
C.  Means  Carbon  Sul  Means  Sulphur. 

Mn.  "      Manganese.  Si  I.      "     Silicon. 

Pbos     _  Phosphorus.  Oef I.    "     Deflection 

First  Lines 
Ist Le+ier  indicates  Position  in  Ingot 
2nd    "  "         Furnace  from   which  Heat  was  taken 

Figures         "        Heat  Number      FT.  means   Ferro- Titanium 

'  HiQh  Rail Low    Rati. 


DELAWARE  fit  HUDSON  CO. 
COMPARATIVE  ABRASION 
OF  TITANIUM  TREATED 

AND  OPEN -HEARTH  RAILS 
FIG.  53. 


E  B  22825  FT  \ 
C.  .72  Sul  051  N 
Mn.     .74     Sll  066 

Phos..03l 

Defl     1.25" 
Wear  in  Sq.  In.  in  27  Months  0.30 


C.      C.       17008     FT. 
C.        .73     Sul.     05G 
Mn.      .77     Sll.      089 
Phos.  .034 

Defl.    1.35" 
Wear  in  Sq.  In.  in  27  Months   0.17 


Low  Rail. 


HiohRail. 


E.       B.       21959     FT 
C.        j87  Sul.     .041 

Mn.      .89  Sil.      .066 

Phos.  .034 

Oef  I.    1.30" 
Wear  in  Sq.  In.  in  27  Months  0.13 


"O 

kn 

CD 

o» 
O 


/ 


/" 


/ 


D. 

C. 

Mn. 

Phos 


B. 


22825 

Sul 

Sil 


FT 

.051 

.0GG 


72 
.74 
.031 

Defl.   1.25" 
Wear  In  Sqln.in  27  Months  0.25 
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en 

D 


TITANIUM -TREATED 

High  Rail 


OPEN-HEARTH. 
HiQh  Pail 


I 

j   Heat  No 
/  C.        .75 
/  Mn      .81 
/  Def 

/We 


D.  FT.     15365 
Phos.      OZI 
Sul.        .043 
1.40" 
ar  in  Sq.  In.  in  20  Months  0.47 


if) 


s 


/ 


/   Heat  No. 

/  C.  M 
/  Mn.  .80 
/  Def  I. 

Wear  in  Sq.  In  in  20  Months  0.75 


F.    14379 
Phos.  .020 
Sul,     .048 


ABBREVIATIONS 

C. Means 

Mn " 

Phos " 

Sul " 

Sil " 

Defl " 

FT " 

The  letter  in  the  Heat  No  M 

T.T.O.H " 

OM " 


Carbon, 

Manganese. 

Phosphorus 

Sulphur 

Silicon 

Deflection 

Ferro  -Titanium 

Position  in  Inaot 

Ti  tanium-Treatea  Open-Hearth 

Open  -  Hearth 


LEHIGH    VALLEY       R.R. 
Comparative      Abrasion  of 
Titanium -Treated    8c  Open -Hearth 
Figure       54 


Rails. 
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Although  the  resistance  to  abrasion  in  the  track  has  been  found  to 
be  slightly  better  than  Open-Hearth,  this  administration  reports  that  the 
results  have  not  been  good  on  account  of  a  much  higher  percentage  of 
piped  rails  in  the  nick  test  than  in  the  ordinary  Open-Hearth  rails.  This 
simply  adds  proof  to  the  well-known  fact  that  titanium  increases  the  size 
of  the  pipe,  rendering  additional  discard  from  the  bloom  necessary,  or 
else  the  employment  of  a  method  for  reducing  the  size  of  the  pipe. 

Rock    Island    Lines: 

The  Rock  Island  Lines  have,  in  experimental  use,  480  tons  of  100-lb. 
A.R.A.  Type  A  rail  (Fig.  61),  made  from  Bessemer  steel  treated  with 
ferro-titanium,  the  chemical  composition  of  which  is  as  follows,  compared 
with  Open-Hearth  and  Electric-Process  rails : 

TABLE  XI V. 


Chemical  Elements 

Titanium-treated 

Open-Hearth 

Electric-Process 

0.45  to  0.55 

0.10 

0.84  to  1.14 

Not  over  0.20 

0.63  to  0.76 

0.04 

0.60  to  0.90 

Not  over  0.20 

0.50  to  0.65 

Phosphorus,  not  over 

Manganese 

0.07 
0.50  to  0.80 
0.10  to  0.18 

At  the  beginning  of  1913,  there  had  been  no  failures  of  Ferro-Ti- 
tanium  or  Electric-Process  rails,  while  for  the  Open-Hearth  there  was  1 
failure  in  1,008  rails  laid. 

At  the  same  time  the  comparative  abrasion  fur  17  months'  service- 
was  as  given  in  the  table  below  : 


TABLE  XV. 

Kind  of  Steel 

Average 

square  inches  of 

Head  Wear 

Average  per  cent 

of  area  of  head 

abraded 

0.016 

0.080 
0.038 

0.44 

2  21 

1.04 

Atlantic  Coast   Line   Railroad: 

The  Atlantic  Coast  Line  Railroad  tried  Bessemer  rail  treated  with 
ferro-titanium,  and  the  failures  were  1  in  700  rails  laid. 

Maine   Central    Railroad: 

The  Maine  Central  Railroad  obtained  800  tons  of  Bessemer  rail 
treated  with  0.2  per  cent,  titanium  in  1910,  but  did  not  find  any  difference 
between  it  and  Bessemer  rail  in  chemical  composition,  in  wear  or  in 
breakage. 

Terminal    Railroad    Association    of   St.    Louis: 

The  Terminal  Railroad  Association  of  St.  Louis  used  Bessemer  100- 
lb.   A.S.C.E.    rails,    treated    witli    titanium,    Fig.    55.   on    sharp   curves   laid 
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alternately  with  ordinary  Bessemer  rails,  but   found  no  appreciable  differ- 
ence in  resistance  to  abrasion. 

Chicago  Great  Western    Railroad: 

On  the  Chicago  Great  Western  Railroad  a  comparative  test  of  Besse- 
mer-Titanium, Bessemer  and  Open-Hearth  rails  of  85-lb.  A.S.C.E.  sec- 
tion has  been  conducted  for  26  months,  with  the  result  that  the  average 
area  of  head  metal  abraded  is  Titanium,  0.079  sq.  in. ;  Bessemer,  0.056 
sq.  in.,  and  Open-Hearth,  0.075  sq.  in.,  the  poorest  record  being  made  with 
the  Titanium-treated. 

Delaware,    Lackawanna    &    Western    Railroad: 

Some  of  the  trials  conducted  by  the  Delaware,  Lackawanna  &  West- 
ern Railroad  between  Titanium-treated  Open-Hearth,  Open-Hearth  and 
"Special  Premium"  Open-Hearth  (presumably  requiring  more  than  the 
usual  discard)  show  superiority  in  abrasive  resistance  to  be  with  the 
ordinary  Open-Hearth  in  one  case,  and  with  the  Titanium-treated  in  the 
others. 

Lake   Shore   &    Michigan   Southern    Railway: 

The  Lake  Shore  &  Michigan  Southern  Railway  (subsidiary  of  the 
New  York  Central  Lines)  found  100-lb.  A.S.C.E.  Titanium-treated  Besse- 
mer rail  to  show  more  abrasion  than  the  same  section  of  ordinary  Besse- 
mer rail. 

Boston    &    Maine    Railroad: 

The  Boston  &  Maine  Railroad  is  conducting  a  service  test  at  Athol 
with  85-lb.  A.S.C.E.  rails  of  different  kinds,  laid  in  September  and  Octo- 
ber, iqio.  The  results  up  to  the  end  of  1912  are  given  in  the  following 
table,  and  are  .favorable  to  the  Titanium-treated  : 

TABLE  XVI. 

The  following  test  is  in  progress  at  Athol.    The  rail  is  all  So-lb   A  S.C.E., 
laid  in  September  and  October,  1910. 


^hemiea 

Composition 

Length 
of 

%of 

Kind  of  Rail 

Head 

Service 

C. 

P. 

Mn. 

Si. 

FT. 

Chro. 

Xi. 

Abraded 

Bethlehem  Open-Hearth 

27  mo. 

.67 

.025 

.87 

.175 

6.46 

Maryland  Open-Hearth 

27  mo. 

.68 

.016 

.75-.80 

.067 

.51 

.51 

4.99 

Lackawanna  Open-Hearth... 

27  mo. 

.68 

.017 

.90 

.144 

.15 

2.83 

Lackawanna  Open-Hearth.. . 

27  mo. 

.85 

.021 

.90 

.144 

L'li 

3.26 

Lackawanna  Open-Hearth... 

27  mo. 

.71 

.019 

.85 

.118 

4.19 

Maryland  Bessemer 

26  mo. 

.53 

.059 

1.02 

.075 

.1!) 

.19 

5.39 

Lackawanna  Bessemer  F.  T. 

26  mo. 

.53 

.059 

1.02 

.075 

4.33 

Baltimore  &  Ohio  Railroad: 

The  results  of  the  Baltimore  &  Ohio  Railroad  trials  of  Titanium- 
treated  Bessemer  rails  are  shown  in  Appendix  F,  Figs.  75  to  78. 

Test  No.  902  in  Fig.  75,  on  a  9-degree  (radius  637  ft.)  curve,  is  a 
comparison   between  Titanium-treated   Bessemer  rail  and  ordinary  Besse- 
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Fig.  55 
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iner  rail,  the  chemical  composition  being  given  in  Tallies  XXI  and  XXII. 
The  diagram,  Fig.  75,  shows  considerable  superiority  in  average  resistance 
to  abrasion  of  the  Titanium-treated  over  the  plain  Bessemer,  while  the 
chemical  constituents  appear  to  be  about  the  same.  Apparently  the 
amount  of  ferro-titanium  was  1  per  cent,  of  a  10  per  cent,  ferro-titanium 
alloy.     No  rails  of  either  kind  are  reported  broken. 

Test  No.  920,  Fig.  78,  between  Titanium-treated  Bessemer  steel  and 
ordinary  Open-Hearth  steel,  shows  some  superiority  in  resistance  to 
abrasion  for  the  former  on  the  low  side  or  inside  of  Kessler's  curve,  9- 
degree  (radius  637  ft.),  while  for  the  outside  or  high  rail,  the  superiority 
is  on  the  side  of  the  Open-Hearth  rail.  This  appears  to  be  due  to  the 
additional  hardness  of  the  Open-Hearth  rail  on  account  of  the  higher 
carbon  content,  0.63  to  0.76  per  cent.,  as  against  0.45  to  0.55  for  the 
Titanium-treated  Bessemer  rail.  Rails  with  several  different  percentages, 
varying  from  0.3  to  1.5  per  cent.,  of  the  10  per  cent,  ferro-titanium  alloy 
have  been  used  in  this  test,  but  the  abrasion  or  wear  has  been  averaged 
in  the  above  results.  Examining  the  differences  between  these  in  the 
bottom  table,  we  find  that  the  1.5  per  cent,  quantity  of  the  alloy  shows 
the  least  wear  and  the  0.5  per  cent,  quantity  the  next  lowest  wear  on  the 
outside  rail,  while  in  the  case  of  the  low  or  inside  rail  these  relations  are 
just  reversed.  The  poorest  results  are  shown  by  the  1  per  cent,  quantity 
in  both  cases.  Further  tests  would  be  necessary  to  enable  one  to  draw 
any  definite  conclusions  in  regard  to  the  superiority  of  one  percentage 
over  the  other.  Test  No.  919,  Figs.  76  and  yy,  on  Snow  Creek  8-degree 
42-minute  curve  (radius  659  ft.),  seem  to  have  been  made  to  attempt  to 
bring  out  the  differences  more  conclusively.  In  the  case  of  the  high  rail, 
looking  at  the  table,  the  1  per  cent,  quantity  shows  the  least  wear,  although 
the  1.5  per  cent,  quantity  is  not  far  in  excess,  while  in  the  case  of  the  low 
rail  the  0.3  per  cent,  quantity  is  the  superior  in  abrasive  resistance.  The 
averages  of  both  rails,  looking  at  the  diagram,  Fig.  yy,  change  the  rela- 
tions. The  poorest  results  in  both  cases  are  given  by  the  0.5  per  cent, 
quantity.  Thus  the  additional  tests  have  made  the  results  still  more  dis- 
cordant. Other  elements  or  conditions  must  be  working  in  these  cases, 
perhaps  differences  in  manufacture  (the  name  of  the  mill  where  each  was 
rolled  is  not  given),  or  chemical  elements.  These  inferences  are  more 
pointed  when  it  is  observed  that  there  are  no  broken  rails  recorded  in 
Test  No.  520,  while  in  Test  No.  919  there  are  several.  The  greater  num- 
ber, s,  is  in  the  1  per  cent,  quantity,  while  there  is  1  each  in  the  1.5  per 
cent,  and  0.5  per  cent,  quantities,  with  the  addition  of  a  split  head  in  the 
latter,  and  no  failures  at  all  in  the  0.3  per  cent,  quantity.  Thus  it  is  evi- 
dent that  additional  information  is  necessary  to  determine  the  relative 
values  of  different  percentages  of  titanium  introduced  during  the  manu- 
facture of  rails. 
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Miscellaneous: 

Some  of  the  other  railroad  companies  which  have  tried  rails  of 
Titanium-treated  steel  are  the  following,  but  no  data  have  been  sent  to 
the  reporter : 

Chicago,  Milwaukee  &  St.  Paul  Rail-  Pere  Marquette  Railroad. 

way.  Chicago  Junction  Railway. 

Chicago,   Burlington  &  Quincy   Rail-  Erie  Railroad. 

road.  Pennsylvania  Railroad. 

Philadelphia  &  Reading  Railway.  Michigan  Central  Railroad. 

Atchison,  Topeka  &  Santa  Fe  Rail-  Great  Northern  Railway. 

way.  Wheeling   &   Lake   Erie   Railroad. 

Buffalo,      Rochester      &      Pittsburgh  Central  Railroad  Company  of  New 

Railway.  Jersey. 

RESUME. 

The  results  of  the  trials  of  Titanium-treated  steel  rails  have  up  to 
the  present  time  been  conflicting,  due,  perhaps,  to  the  fact  that  the  vari- 
ables in  the  tests  have  been  too  numerous.  In  order  to  obtain  accurate 
information,  there  should  be  but  one  variable,  the  treatment  with  ferro- 
titanium.  This  has  already  been  brought  to  notice  in  the  description  of 
the  trials  of  the  New  York  Central  Lines  in  Appendix  H.  The  condi- 
tions in  the  cases  of  the  Delaware  &  Hudson  Company  and  of  the  Lehigh 
Valley  Railroad  were  not  the  same,  and  it  is  impossible  to  say  to  what 
extent  the  sharper  curvature  for  the  Titanium-treated  rail  offsets  the 
greater  power  of  resistance  to  abrasion  due  to  the  higher  carbon  content 
in  it. 

In  the  case  of  the  Northern  Pacific,  the  results  are  reported  not  good 
on  account  of  the  higher  percentage  of  piped  rails,  which  shows  the  neces- 
sity for  an  improved  method  of  making  sound  ingots  or  an  additional 
discard.  This  additional  discard  is  aimed  at  by  the  progressive  method 
of  testing  in  the  Carbon  Steel  Rail  Specifications  of  the  American  Rail- 
way Engineering  Association.  The  trials  of  the  two  kinds  of  rails  are  not 
exactly  comparable,  with  reference  to  the  titanium  treatment,  because 
Titanium-treated  Bessemer  steel,  with  its  lower  carbon  and  high  phos- 
phorus, is  compared  with  Open-Hearth  steel  with  its  higher  carbon  and 
low  phosphorus. 

In  the  Rock  Island  trials,  the  advantage  seems  to  lie  with  the  Ti- 
tanium-treated Bessemer  rail  over  Open-Hearth  and  Electric-Process  rail 
during  17  months'  service. 

Neither  the  Maine  Central,  the  Terminal  Railroad  Association  of 
St.  Louis,  the  Chicago  Great  Western  nor  the  Delaware,  Lackawanna  & 
Western  found  any  appreciable  difference  in  resistance  to  abrasion  by  the 
use  of  ferro-titanium,  but  the  results  on  the  Boston  &  Maine  were  quite 
favorable  to  it. 

The  Baltimore  &  Ohio  tests  exhibit  superiority  in  resistance  against 
the  abrasive  action  of  wheels  of  Titanium-treated  Bessemer  rail  over 
ordinary    Bessemer   rail   of   practically   the   same   composition,   but   in   the 
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case  of  Open-Hearth  rail,  with  its  higher  carbon,  the  superiority  is  lost. 
Of  course,  the  comparison  would  be  fairer  if  Open-Hearth  steel  of  the 
same  composition  had  been  treated  with  titanium. 

The  Baltimore  &  Ohio  tests  to  determine  the  varying  effect  of  differ- 
ent percentages  of  the  10  per  cent,  ferro-titanium  alloy  are  not  conclusive, 
because  other  elements  or  conditions  seem  to  interfere  with  reasonable 
deductions. 

The  principal  value  of  ferro-titanium,  as  already  pointed  out  by  Mr. 
Stoughton  in  the  preliminary  discussion,  is  in  helping  to  produce  solid 
ingot  metal,  and  that  is,  of  course,  a  splendid  quality.  Its  tendency  to 
produce  a  deeper  pipe  must  be  counteracted  by  a  greater  discard  (as  pro- 
vided for  in  the  specifications  above  quoted),  or  an  improved  method  for 
making  the  top  of  the  ingot  sound.  It  leaves  no  trace  of  itself  in  the  re- 
sulting metal,  and  therefore  does  not  make  an  alloy  steel  with  any  greater 
resistance  to  abrasion,  or  with  any  greater  strength,  than  is  brought 
about  by  its  less  spongy  condition  and  greater  compactness. 

II.     ALUMINUM. 

*Aluminum  is  used  in  their  daily  practice  by  many  of  the  rail  manu- 
facturers at  their  mills,  but  its  use  has  not  been  specifically  requested  by 
any  railroad  administrations  for  special  tests,  but,  on  the  contrary,  is  en- 
tirely prohibited  in  the  specifications  of  some  railroad  administrations. 

III.    HIGH  SILICON. 

Although  trials  have  been  made  in  limited  quantities  of  steel  rails 
high  in  silicon,  that  is,  over  0.30  per  cent.,  but  little  information  has  been 
furnished  to  the  reporter. 

On  an  8-degree  curve  (radius  717  ft.)  at  Hoblitzell,  on  the  Baltimore 
&  Ohio  Railroad,  some  rail  with  carbon  0.596,  phosphorus  0.10,  manganese 
1.1 1  and  silicon  0.69  w-as  tried,  but  it  was  too  brittle,  as  7  out  of  8  rails 
failed. 

Other  tests  are  now  being  conducted  by  other  administrations. 

IV.     ELECTRIC-PROCESS. 

A  few  railways  are  trying  small  quantities  of  rail  manufactured  by 
this  process  at  the  Heroult  furnace  of  the  Illinois  Steel  Company  at 
South  Chicago.  Some  of  them  are  the  Terminal  Railroad  Association  of 
St.  Louis,  Chicago  &  North  Western  Railway,  Lake  Shore  &  Michigan 
Southern  Railway,   Rock  Island  Lines  and   Pennsylvania  Lines. 

Terminal  Railroad  Association  of  St.  Louis: 

The  Terminal  Railroad  Association  of  St.  Louis  reports  that  limited 
experience  indicates  that  it  has  better  resistance  to  abrasion  than  ordinary 


♦Proceedings,  American  Railway  Engineering  Association,  Vol.  XV,  1914, 
"Influence  of  Aluminum  and  Silicon  on  Bessemer  Ingots  and  Rails,"  by  M. 
H.   Wickhorst,   Engineer  of  Tests,   Rail  Committee. 
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Bessemer   steel,   and   the   Lake   Shore  &   Michigan   Southern   Railway   re- 
ports that  the  Electric-Process  shows  less  abrasion  than  the  Bessemer. 

Rock   Island    Lines: 

The  Rock  Island  Lines  put  287  tons  of  1  co-lb.  rail  in  service  and  state 
that  after  17  months'  service  the  number  of  square  inches  worn  off  the 
head  compared  with  other  kinds  was  as  already  shown  in  Table  XV. 

The  amount  is  less  for  the  Electric-Process  than  for  the  Open- 
Hearth,  but  greater  than    fur  the  Titanium-treated   rail. 

There  were  no  failures  of  the  Titanium-treated  or  of  the  Electric- 
Process,  while  there  was   1  failure  in  100X  rails  laid  of  the  Open-Hearth. 

The  chemical  composition  of  the  several  kinds  is  as  stated  in 
Table  XIV. 

Pennsylvania  Lines: 

The  Pennsylvania  Lines  purchased  1555  tons  of  100-lb.  rail  in  1912, 
and  the  first  of  it  was  laid  in  the  track  in  August.  Measurements  to 
determine  resistance  to  abrasion  are  being  made  every  six  months,  but 
the  time  of  service  is  too  short  to  derive  any  information  on  that  question 
as  yet.  Nevertheless,  some  facts  in  connection  with  the  inspection  during 
rolling  at  the  mill  may  lie  of  interest. 

The  average  chemical  composition  was  as  follows  :  Carbon  0.63  per 
cent.,  phosphorus  0.028  per  cent.,  manganese  0.64  per  cent.,  silicon  0.207 
per  cent,  and  sulphur  0.024  per  cent.  The  carbon  ranged  from  0.57  to 
0.70  per  cent.,  the  phosphorus  from  0.012  to  0.04  per  cent.,  the  man- 
ganese from  0.50  to  0.80  and  the  silicon  from  0.15  to  0.25. 

The  total  amount  rejected  was  4.3  per  cent,  of  the  total  rolled,  being 
148  rails  out  of  3285  (3137  accepted).  Of  the  rejections,  108  rails  or  73 
per  cent,  were  rejected  for  showing  interior  defect,  and  37  rails  or  25 
per  cent,  for  surface  imperfections,  while  only  three  rails  broke  under  the 
drop  test,  which  is  a  weight  of  2000  lbs.  falling  in  guides  from  a  height 
of  15  ft.  Under  this  drop  test,  the  permanent  set  for  a  span  of  3  ft.  cen- 
ter to  center  of  supports  under  one  blow  was  1.1  in.  as  an  average,  with 
1.4  in.  maximum  and  0.7  in.  minimum.  The  total  per  cent,  elongation  for 
1  in.  in  one  or  more  blows  of  the  tup  was  11  per  cent,  highest  maximum. 
4  per  cent,  lowest  maximum  and  6  per  cent,  average  of  the  maxima. 

The  size  of  the  ingots  from  which  the  rails  were  rolled  was  18  in. 
by  19  in. 

One  rail  failed  March  8,  1913,  from  a  visible  split  20  in.  long  in  the 
head,  which  extended  from  the  top  of  the  head  through  to  the  web  of 
the  rail. 
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V.     HEAT-TREATED  RAILS. 

Carnegie   Steel   Company: 

The  Carnegie  Steel  Company  is  conducting  an  investigation  into  the 
performance  of  oil-quenched  rails,  and  is  making  service  tests  on  the 
Union  Railroad,  belonging  to  it,  as  explained  in  the  following  letter  from 
Mr.  C.  F.  W.  Rys,  Metallurgical  Engineer  of  the  company : 

"After  some  preliminary  work  early  in  1912  we  developed  that  oil 
quenching  of  a  33-ft.  rail  from  the  roiling  heat  could  be  accomplished 
without  serious  difficulty  if  the  proper  precautions  were  taken. 

"No  serious  difficulties  resulted  from  shrinkage,  scaling,  cracking, 
warping,  distortion,  straightening  or  drilling  of  the  oil-quenched  rails. 

"An  average  improvement  of  20  to  25  per  cent,  was  obtained  in  the 
treated  over  the  untreated  rail,  as  shown  by  the  various  mechanical  tests. 
A  final  experiment  was  made,  therefore,  in  order  to  determine  whether  a 
corresponding  improvement  would  be  found  in  track  service.  With  that 
object  in  view,  a  number  of  Open-Hearth  rails  of  100-lb.  A.R.A.  Type  B 
(Fig.  14)  section  were  rolled  and  treated  in  April,  1912,  and  were  placed 
in  track  June  10  and  11,  1912. 

"The  oil-quenched,  together  with  untreated  rails  of  the  same  heats. 
were  laid  in  the  southbound  track  of  the  Union  Railroad  on  the  high  and 
low  sides  of  Northern  Pike  Curve,  near  Hall  Station,  about  3^4  miles 
from  East  Pittsburgh.  The  track  at  this  point,  has  a  curvature  of  5  de- 
grees and  is  on  a  down  grade  of  1.24  per  cent.  A  careful  record  is  being 
kept  of  all  tonnage  passing  over  these  rails.  The  tonnage  from  June  11, 
1012,  to  July  1,  1913,  or  approximately  one  year,  amounted  to  17,794,060 
tons. 

"As  far  as  our  profiles  and  inspections  show  up  to  July  1,  1913,  the 
oil-quenched  rails  show  an  average  improvement  of  41  per  cent,  over 
the  untreated  rails  on  the  high  side  of  curve,  and  about  37  per  cent,  im- 
provement on  the  low  side  of  curve,  or  an  average  of  35  per  cent,  for 
the  oil-quenched  rails  over  the  untreated  rails  under  exactly  the  same 
conditions  of  service." 

Pennsylvania  Steel  Company: 

Other  steel  companies  are  also  making  experiments  with  heat-treated 
rails  in  order  to  raise  the  elastic  limit  without  sacrificing  ductility,  and 
the  Pennsylvania  Steel  Company  has  recently  rolled  16  rails  of  special 
section  approximating  121  lbs.  per  yard,  which  are  to  be  laid  for  service 
test  in  the  tracks  of  the  Pennsylvania  Railroad,  where  the  curvature  is 
sharp  and  the  traffic  heavy. 

The  Pennsylvania  Steel  Company  manufactures  rail  from  Cuban 
iron  ore,  known  as  Mayari  ore,  which  naturally  contains  a  small  amount 
of  nickel  and  chromium,  and  it  has  been  found  that  this  steel  when  heat- 
treated  possesses  the  qualities  of  extreme  hardness  unaccompanied  by 
brittleness.  but  it  is  difficult  to  heat-treat  an  unbalanced  section  like  a  rail 
without  distorting  it,  and  at  a  reasonable  cost.  The  test  to  be  described 
points  to  the  successful  solution  of  the  problem. 

The  rails  in  question  were  rolled  November  21,  19 13,  and  some  are 
being  manufactured  into  frogs  and  switches.  The  chemical  constituents 
compared  with  the  Pennsylvania  Railroad  and  Philadelphia  &:  Reading 
Railway  specifications  are  as  follows : 
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TABLE  XVII. 
Chemical  Constituents. 


Chemical  Elements 


Mayari 
Heat-treated 


Pennsylvania  R.  R. 
Specifications 


Phila.  &  Reading  Ry. 
Specifications 


Carbon 

Phosphorus 
Manganese. 

Silicon 

Nickel 

Chromium. 


0.33 

0.015 

0.33 

1.28 
.49 


0.62  to  0.75 
Not  over  0.04 
Not  over  0.80 

0.05  to  0.20 


0.67  to  0.80 

Not  over  0.04 

0.60  to  0.90 


The  results  of  the  physical  tests  are  as  follows : 


TABLE  XVIII. 
Physical  Qualities. 


Test 

Mayari 
Heat-treated 

Pennsvlvania  R.  R. 
Rail  Steel 

Phila.  &  Reading  Ry. 
Rail  Steel 

Tensile  Strength,  lbs.  per  sq.  in 

Elastic  Limit,  lbs.  per  sq.  in 

145,000 
115,000 

7i 
15 

145,000 

65,000 

10 

15 

147,000 

69,000 

10 

14 

Under  blows  from  a  weight  of  2,coo  lbs.  falling  from  a  height  of  25 
ft.  on  pieces  of  rail  laid  on  supports  36  in.  from  center  to  center,  the 
pieces  stood  the  punishment  given  in  detail  in  Figs.  56,  57  and  58.  The 
"A"  rail  is  the  one  at  the  top  end  of  the  ingot,  the  "B"  rail  the  second 
one,  and  so  on. 

Inasmuch  as  there  was  no  regular  machinery  for  making  such  rails, 
the  methods  of  manufacture  were  rather  crude.  The  rail  section  is 
shown  in  Fig.  59,  and  was  developed  by  using  a  set  of  rolls  which  was 
available  for  the  experiment.  It  is  therefore  not  such  a  section  as  would 
necessarily  be  recommended.  It  was  not  possible  to  finish  the  rails  at  as 
low  a  temperature,  nor  to  put  as  much  work  on  them  in  the  finishing  pass 
as  was  desirable. 

The  material  near  the  surface  and.  penetrating  to  ^J-in.  to  Yi-vn.-  is  of 
very  fine  silky  texture  and  the  Brinell  hardness  higher  than  in  the  case 
of  0.70  carbon  rails,  so  that  it  should  resist  abrasion  from  the  wheels  very 
satisfactorily. 

Miscellaneous: 

Heat  treatment  and  quenching  in  oil  are  being  applied  quite  exten- 
sively for  several  of  the  railway  administrations  in  the  manufacture  of 
splice  bars  and  bolts  for  rails. 
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Fig.  56. 
"A"  Rail  No.  12. 
Twelve  blows — 25-ft.  drop. 
Elongation  in  6  in.  =  2.09  in.  after  each  blow. 
Tensile  strength,  147,000  lbs. 
Elastic  limit,  121,000  lbs. 
Elongation  in  2  in.,  8.0  per  cent. 
Reduction  of  area,  17.5  per  cent. 
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Fig.  57. 
"B"  Rail  No.  32. 

Six  blows — 25-ft.  drop. 

Elongation  in  6  in.  =  1.16  in.  after  5th  blow. 

Tensile  strength,  136,000  lbs. 

Elastic  limit,  117,000  lbs. 

Elongation  in  2  in.,  10.50  per  cent. 

Reduction  of  area,  20.5  per  cent. 
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Fig.  58. 
"C"  Rail  No.  4. 
Eight  blows — 25-ft.  drop. 
Elongation  in  6  in.  =1.36  in.  after  7th  blow. 
Tensile  strength,   141,500  lbs. 
Elastic  limit,  119,000  lbs. 
Elongation  in  2  in.,  8.50  per  cent. 
Reduction  of  area,  24.5  per  cent. 
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Fig.  59 

PENNSYLVANIA    STEEL    CO. 

RAIL  SECTION  N0.96-B.  FOR  HEAT   TREATMENT. 

WEIGHT   121   POUNDS  PER  YARD. 

JAN. 6, 1914 


CRUCIBLE    OR    TOOL    STEEL. 
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VI.     CRUCIBLE  OR  TOOL  STEEL. 

A  special  hard  crucible  or  tool  steel  is  used  by  several  railways  for 
rail  locks  for  drawbridges,  a  general  type  of  which  is  illustrated  in  Fig.  60. 


Ly^Jl/»vlL/i\Ji/# 


m 


SIDE    ELEVATION 


Nickel,  Tool  or 
Manganese  Steel  ~f  Tongue 


Cast  Steel 


Fig.  60 

PENNSYLVANIA    LINES  WEST  OF   PITTSBURGH 

RAIL  LOCK  FOR  DRAW  BRIDGES. 

TYPE  m. 

DEC.  28,  1906. 
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McMANAMA  NARROW-HEAD  RAIL. 

A  trial  is  now  being  made  of  curved  track,  constructed  with  rails  of 
different  widths  of  head  on  the  outside  and  inside  of  the  curve,  in  order 
to  reduce  the  pressure  of  wheels  against  the  outer  rail,  and  thus  diminish 
the  flange  friction  and  consequently  the  flange  abrasion  of  the  rail  head. 
These  rails  are  not  of  "Special  Steel,"  but  as  two  of  the  objects,  that  of 
increasing  the  safety  and  the  life  of  the  rail  on  curves,  are  the  same,  it 
seems  fitting  to  call  attention  to  the  progress  of  the  experiment. 

It  is  impossible  to  superelevate  the  outer  rail  on  curves  carrying  both 
freight  and  passenger  trains  so  as  to  be  exactly  right  to  counteract  the 
centrifugal  force  in  both  cases,  and  as  the  adjustment  is  usually  made 
for  the  passenger  trains,  the  inside  or  low  rail  often  carries  a  much 
greater  proportion  of  the  load  than  the  outside  or  high  rail.  This,  to- 
gether with  the  slipping  action  of  the  wheels,  has  a  tendency  to  cause  the 
low  rail  to  overturn  by  cutting  into  the  ties  at  the  outside  edge  of  the 
rail-base,  especially  before  the  use  of  tie  plates  became  general.  This 
progressive  overturning  of  the  rail  caused  the  head  to  become  unevenly 
worn,  aggravated  also  by  the  coned  tread  of  the  wheels,  and  after  a  cer- 
tain point  had  been  reached,  it  was  the  common  practice  to  adze  the  ties 
and  thus  restore  the  rail  to  its  original  position  perpendicular  to  the  tie. 
The  wheels  then  had  a  new  and  narrower  surface  on  which  to  roll,  and 
Mr.  J.  W.  McManama,  a  Roadmaster  of  the  Fitchburg  Railroad,  now 
part  of  the  Boston  &  Maine  Railroad,  noticed  that,  until  the  head  became 
again  worn  down  so  as  to  offer  a  wider  bearing  surface  once  more,  the 
cars  seemed  to  ride  around  the  curves  more  smoothly,  and  he  then  fol- 
lowed up  the  idea  with  additional  experiments.  They  resulted  in  the  be- 
lief that  the  relief  was  due  to  the  increased  facility  for  slipping  given  to 
the  inner  wheel  by  the  narrower  bearing  surface.  He  therefore  designed 
the  narrow-head  rail  for  use  as  the  inside  rail  on  curves  as  a  companion 
to  the  standard  outside  rail,  and  one  of  the  types  is  illustrated  in  Fig.  61. 
In  this  particular  case,  the  narrow  rail  has  been  made  higher  than  the 
outside  rail  so  that  the  standard  splice  bars  could  be  used  for  both. 

It  seems  hardly  necessary  to  state  that  in  rounding  a  curve  the  out- 
side wheel  travels  much  farther  than  the  inside  one,  while  at  the  same 
time  making  the  same  number  of  revolutions,  and,  as  they  are  rigid  on 
the  axle,  one  of  them  must  slip  while  rolling.  It  is  also  well  known  that 
the  axles  of  the  truck  are  at  an  angle  with  the  radius  of  the  curve,  and 
the  outside  wheel  flange  is  always  pushing  strongly  against  the  rail  flange 
at  an  angle  and  grinding  off  the  metal  of  the  rail  head  and  of  the  wheel. 
During  this  action  it  is  also  necessary  for  one  wheel  to  slip.  Mr.  Mc- 
Manama's  idea  therefore  is  to  make  it  easier  for  the  inside  wheel  to  slip 
backwards  during  these  two  operations  'by  affording  it  a  smaller  bearing 
area  than  that  for  the  outside  wheel.  This  is  done  by  narrowing  the  in- 
side rail  head. 

Objections  to  this  plan  immediately  crowd  to  the  front,  as  follows: 
(i)     As  the  present  contact  area  between  the  wheel  and   rail  is  so 
small,  and  as  the  wheel  loads  are  very  heavy  (Table  I),  there  is  evidence 
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of  a  flow  of  metal  on  the  surface  of  rail  heads  under  the  severe  action  of 
the  wheels,  which  on  curves  is  towards  the  outside  of  each  rail.  Will  not 
this  condition  he  aggravated  by  making  the  rail  head  narrower? 

(2)  The  bearing  area  for  the  splice  bars  on  the  under  side  of  the 
head  of  the  rail  is  diminished,  while  that  area  is  already  too  small  to  be 
satisfactory. 

(3)  The  moment  of  inertia  and  section  modulus  of  the  rail  are 
reduced. 

The  answer  is,  go  and  see  the  rails  in  service,  and  several  prominent 
railway  Engineers  have  come  away  convinced  that  further  trials  are 
worth  while. 

A  7-degree  curve  (radius  819  ft.)  near  Waterville,  Me.,  on  the  Maine 
Central  Railroad,  had  been  laid  with  new  A.S.C.E.  rail,  weighing  85  lbs. 
per  yard,  in  February,  191 1.  By  December,  1911,  a  period  of  10  months, 
the  outside  rail  was  considerably  flange  worn,  about  }4-in.,  and  the  in- 
side rails  were  replaced  by  the  narrow-head  rails  previously  described, 
and  illustrated  in  the  photograph,  Fig.  62.  The  wear  or  abrasion  of  the 
head  of  the  outside  rail  was  at  once  diminished,  and  since  then  the  amount 
of  abrasion  has  been  much  smaller.  The  last  measurements  taken,  Octo- 
ber. 1913,  after  22  months'  service,  are  shown  in  Fig.  63,  and  bear  out  this 
observation.  Some  flow  of  metal  on  the  top  of  the  low  rail  is  observed, 
but  it  is  not  considered  extreme  by  those  who  have  seen  it.  The  super- 
elevation of  the  outer  rail  is  only  4J/2  in.,  as  the  speed  is  moderate  on  ac- 
count of  the  proximity  of  the  bridge.  The  traffic  is  about  12  million  tons 
per  annum. 

The  noticeable  improvement  in  the  hauling  capacity  of  the  locomo- 
tives, as  well  as  the  increased  life  of  the  rail,  led  the  railway  adminis- 
tration to  purchase  200  more  tons  of  the  rail  in  October,  1912,  for  use  on 
about  27  sharp  curves,  ranging  from  4  to  8  degrees  in  the  White  Moun- 
tain region,  and  the  reports  are  even  more  favorable  than  in  the  first  trial, 
because  new  rail  was  laid  on  the  outside,  as  well  as  the  inside,  and  in 
that  case  the  action  seems  to  be  better  because,  presumably,  of  the  greater 
width  of  bearing  area  over  that  of  flange-worn  rail.  The  traffic  is  about 
ZVi  million  tons  per  annum,  and  but  little  wear  on  either  rail  is  notice- 
able. 

At  Bemis,  where  some  of  these  rails  were  laid  on  a  steep  grade, 
freight  trains  formerly  stalled  and  had  to  back  to  get  a  fresh  start  with 
full  head  of  steam  and  perfect  fires,  but  since  the  narrow-head  rail  was 
laid  they  make  the  ascent  with  perfect  ease.  This  diminution  of  frictional 
resistance  has  led  Mr.  McManama  or  Mr.  Barbey  to  give  it  the  inappro- 
priate trade  name  of  "Frictionless  Rail." 

Some  of  these  rails  are  being  tried  by  the  Boston  &  Maine  Railroad, 
the  Boston  Elevated  Railway  and  the  Southern  Pacific  Railway,  while 
"tliers  are  now  considering  the  question. 
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A.R.A.  SECTION-SERIES  A. 
90  LB.  STEEL  RAIL 


OUTSIDE   OR   HIGH  RAIL. 


NARROW-HEAD    RAIL. 
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Fig  Gl 

COMBINATION  OF  WIDE-AND 

NARROW- MEAD  RAILS  TO  REDUCE 

FRICTION AL   RESISTANCE 

PATENTED,  OCT  24,1911  4N0   SEPT?4,l9l2 


INSIDE  OR  LOW   RAIL 
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Fig.  62.     Maine  Central  Railroad.     Seven-Degree  Curve  Near  Water- 

ville,  M'e.    Frictionless,  or  Narrow  Head  Rail,  on 

the  Inside  of  Curve. 


NARROW-HEAD    RAIL. 


Ill 


MAINE  CENTRAL  RAILROAD. 
7°Curve  near   Waterville  Maine, 
laid  with  Narrow-Head  rail  on 
inside  of  curve  after  outside 
rail  had  been  in  service  lOmonths 
Fig  G3 


85  lb.  ASCI  Pail 


Low  Rail       Middle  of  Curve     High  Rail 


Sections  taken  Dec  1911  shown 

1912      " 

••      Oct.  1913     - 


85lb.ASCE.Rail 


Low  Rail      Opposite  Signal  Post.   High  Ra 
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QUESTION  7.     HARDENING  OR  TEMPERING  RAILS. 

In  answer  to  Question  7  (Appendix  A),  which  is — "From  the  point  of 
view  of  the  safety  of  the  traffic,  do  you  approve  of  the  hardening  or 
tempering  of  rails?" — some  administrations  reply  that  it  is  desirable  if 
it  can  be  done  without  sacrificing  safety  by  causing  brittleness,  but  the 
general  trend  of  the  information  received  is  against  such  a  course.  The 
objections  are  well  expressed  by  Dr.  P.  H.  Dudley:  "I  do  not,  as  hard- 
ening and  tempering  rails  are  not  at  present  understood  and  practiced  at 
the  mills.  Great  care  is  required  not  to  chill  portions  of  the  red-hot  rails 
quickly,  either  in  oil  or  water,  as  transverse  cracks  are  liable  to  develop 
in  the  web  from  the  sudden  shrinkage.  This  has  occurred  in  several  in- 
stances where  water  was  used  as  the  medium  to  harden  the  rails." 

Nevertheless,  it  will  be  noticed  from  the  tests  of  the  Carnegie  and 
Pennsylvania  Steel  companies,  previously  described,  that  progress  in  the 
heat  treatment  of  rail  steel  is  being  made,  and  the  preliminary  results  are 
encouraging. 

QUESTION  8.     ADDITIONAL  INVESTIGATION. 

Question  8  (Appendix  A),  is — "In  your  opinion,  what  properties  of 
the  material  have  as  yet  not  been  sufficiently  elucidated  and  require  care- 
ful investigation  and  further  improvement  in  order  to  enable  railways  to 
use  given  special  steel,  with  advantage,  for  given  purposes?"  This  is 
answered  by  Dr.  Dudley  for  the  New  York  Central  Lines,  as  follows : 

"1.  Special  manganese  steel :  This  should  be  investigated  to  see 
whether  or  not  it  is  possible  to  raise  its  present  low  elastic  limits  and  re- 
tain its  toughness,  as  constructions  from  it  lose  sbaoe  from  deformations 
of  the  section  faster  than  from  loss  of  metal  from  wear  and  abrasion. 

"2.  The  chemical  composition  for  rail  steels  should  be  studied  and 
adapted  to  the  sections,  temperatures  of  the  lines,  conditions  of  service, 
as  wheel  loads,  and  spacing,  speed,  ballast  and  character  of  the  subgrade. 

"3.  The  purification  of  the  bath,  and  time  for  the  escape  of  the  de- 
oxidation  products  after  the  recarburizer  is  added,  to  insure  practically 
all  the  ductility  in  the  product  due  to  the  chemical  composition  of  the 
basic  Open-Hearth  grades  of  metal,  either  for  plain  carbon  or  alloy  steel. 

"4.     The  investigation  of  segregation  and  its  causes. 

"5.  The  provision  of  proper  and  sufficient  deoxidizers  in  connection 
with  the  making  of  the  steel  to  check  segregation  and  cause  it  to  set  quiet 
and  solid  in  the  molds  without  exterior  or  interior  blowholes  in  the 
ingots. 

"6.  The  form  of  the  ingots  in  relation  to  size  of  base  to  their  length, 
volume  and  the  freezing  from  hot  to  set  metal. 

"7.  The  clean  and  proper  teeming  of  the  ingots  with  limited  segre- 
gation. 

"8.  The  time  factors  to  strip  and  then  to  charge  the  hot-setting  in- 
gots into  the  reheating  furnaces  to  avoid  decided  interior  shrinkage  before 
the  ingots  are  bloomed  under  their  own  initial  equalized  heat. 

"9.  The  relation  of  the  draft  and  speed  of  the  blooming  passes  to 
compress  and  elongate  the  ingot  into  a  bloom  without  checking  the  ex- 
terior skin. 
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"10.  The  relations  of  hardness  for  wear  and  brittleness  of  the  sec- 
tion as  a  girder,  compared  to  purity  of  metal  and  toughness  for  wear, 
with  ductility  of  the  section  as  a  girder." 

In  elaboration  of  No.  2  above,  the  Central  Railroad  Company  of 
New  Jersey  calls  attention  to  the  present  uncertainty  with  respect  to  the 
correct  amount  of  carbon  to  be  used  under  various  conditions  to  gain 
certain  definite  results,  and  to  the  desirability  of  investigation  in  regard 
to  the  introduction  of  nickel  in  steel  rails.  The  first  trials  have  not  been 
considered  successful,  as  indicated  by  the  results  already  given  in  detail. 

The  Pennsylvania  Lines  call  attention  to  the  lack  of  homogeneity  in 
Manganese  steel,  and  the  Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Rail- 
way (New  York  Central  Lines)  to  the  failures  of  that  steel  through  pro- 
gressive cracks,  starting  either  from  defects  of  the  casting,  or  unequal 
contraction,  and  gradually  increasing  until  they  produce  failures.  These 
faults  may  possibly  be  overcome,  that  administration  thinks,  by  correct 
design  so  as  to  balance  the  distribution  of  metal  in  order  to  prevent  too 
great  inequality  of  cooling  after  casting. 

The  Northern  Pacific  Railway  believes  that  the  action  of  various 
kinds  of  steel  under  low  temperatures,  especially  from  — 20  degrees  to  — 40 
degrees  Fahrenheit  ( — 28.9  to  — 40  degrees  C),  should  be  studied.  Lab- 
oratory experiments  along  these  lines  have  already  been  made,  and  are  the 
subject  of  present  consideration,  but  are  not  yet  ready  to  be  given  to  the 
Congress.  Such  experiments  were  also  made  in  France,  as  long  ago  as 
1880,  by  La  Compagnie  du  Chemin  de  Fer  du  Nord. 

The  Bessemer  &  Lake  Erie  Railroad  thinks  that  a  study  should  be 
made  of  the  shape,  size  and  design  of  the  rail,  tie  plate,  splice  and  fas- 
tenings, and  of  the  test  treatment  the  steel  should  receive  to  give  the  best 
service,  while  the  Missouri  Pacific  Railway  questions  "the  sufficient 
determination  of  the  action  of  the  various  alloys,  that  is.  will  a  given 
amount  of  alloy  added  to  a  given  amount  of  steel,  under  the  same  condi- 
tions, always  produce  a  product  which  will  have  the  same  physical  prop- 
erties and  furnish  the  same  physical  tests?" 


114  SPECIAL    STEELS. 


CONCLUSIONS. 

i.  Cast  Manganese  steel  has  been  proved  by  long  experience,  under 
exacting  conditions,  to  be  a  satisfactory  and  safe  metal  for  the  manufac- 
ture of  frogs  and  switch-points. 

2.  The  trials  of  rolled  Manganese  steel  for  rails,  and  for  the  manu- 
facture of  frogs  and  switches  have  not  been  so  extensive  as  with  the 
cast  product,  but  have  been  continued  to  a  sufficient  degree  to  enable  us 
to  conclude  that  it  will  ultimately  be  entirely  suitable  for  those  uses  at 
locations  where  great  strength,  toughness  and  a  maximum  abrasive  re- 
sistance are  desirable. 

3.  The  experiments  with  nickel,  and  nickel  and  chromium  in  certain 
proportions,  in  rail  steel  have  not,  up  to  the  present  time,  been  entirely 
satisfactory;  but  the  accepted  employment  of  Nickel  steel  in  bridge  con- 
struction, and  the  trials  of  nickel  and  chromium  in  other  proportions  in 
rail  steel,  especially  when  incorporated  as  two  of  the  natural  elements  of 
the  iron  ore,  justify  continued  use. 

4.  The  use  of  high  carbon  (over  0.80  per  cent.)  in  rails  weighing  85 
lbs.  per  yard,  in  combination  with  0.92  to  1.00  per  cent,  of  nickel,  and  0.24 
to  0.29  per  cent,  of  chromium,  has  not  been  satisfactory.  The  condi- 
tions with  rail  sections  of  greater  weight  might  be  entirely  different. 

5.  Further  study  of  the  qualities  possessed  by  High  Silicon  rails,  that 
is,  steel  with  over  0.30  per  cent,  of  silicon,  is  advisable. 

6.  The  value  of  the  use  of  ferro-titanium  in  rail  steel  manufacture 
as  a  "physic"  for  improving  the  condition  of  solidity  of  the  metal  is  con- 
ceded, but  at  the  same  time  steps  should  be  taken  to  overcome  its  in- 
jurious effect  in  deepening  the  "pipe"  in  the  ingot. 

7.  Heat-treated  rails,  and  those  manufactured  with  the  assistance 
of  the  Electric-Process,  are  at  present  in  experimental  use  only,  but  the 
possibility  of  future  value  is  promising,  and  the  study  should  be  con- 
tinued. 
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Appendix    A. 
INTERNATIONAL  RAILWAY  CONGRESS. 

NINTH  SESSION — BERLIN,  I915. 


Detailed  list  of  questions   relating  to   Question  III    (Section   i). 


SPECIAL  STEELS. 

"Use  of  special  steels,  both  for  the  track  generally,  and  in  par- 
ticular  for   the   track   appliances    (points,   crossings,    etc.)." 

Reporter:  Mr.  Cushing  (W.  C),  Chief  Engineer,  Maintenance  of 
Way,  Pennsylvania  Lines  West  of  Pittsburgh ;  Pennsylvania  Station, 
Pittsburgh  (Pa.). 

Name  of  the  Administration 


LIST  OF  QUESTIONS. 

What  kinds  of  special  steel  have  you  hitherto  used  for  your  tracks, 
in  particular  for  your  rails,  switches,  single  and  double  crossings, 
expansion  devices  at  the  ends  of  bridges,  and  other  parts  of  the 
track  not  enumerated  here? 

(a)  What  has  been  your  special  purpose  in  using  these  special  steels, 
and  what  advantages  have  you  obtained  by  using  them? 

(b)  Besides  manganese,  nickel,  chrome-nickel,  silicon,  titanium  and 
carbon  steel  (that  is  to  say,  steel  containing  at  least  0.75  per  cent, 
of  carbon,  that  is,  more  carbon  than  is  in  ordinary  rail  steel),  have 
you  also  used  other  kinds  of  special  steel,  not  mentioned  here? 

(a)  What  elements  of  the  track  have  you  made •  wholly  of  special 
steel,  or  for  only  what  parts  of  such  elements  have  you  used  spe- 
cial steel?  Please  give  an  accurate  list  (stating  number  and 
weight)  based  on  the  list  given  in  Question  1. 

(b)  Please  give  the  chemical  analysis  of  the  special  steels  used  for 
the  more  important  elements  of  the  track,  or  for  parts  of  such 
elements. 

(c)  Please  give  the  chemical  analysis  of  similar  elements  or  parts  of 
elements  made  of  ordinary  or  generally-used  material  and  used 
under  the  same  conditions  of  service. 

(d)  Please  give  results  of  tests  of  special  steel  used  for  elements  of 
the  track,  or  for  parts  of  such  elements :  ultimate  tensile  strength, 
limit  of  elasticity,  elongation  (if  possible,  measured  on  a  length 
of  200  millimetres  (8  in.)),  appearance  of  fractured  surface, 
Brinell  hardness  test,  or  other  tests  not  mentioned  here. 

(e)  Please  give  results  of  tests  of  similar  elements,  or  of  parts  of  such 
elements,  used  under  the  same  conditions  of  service,  but  made 
of  ordinary  material. 

(f)  Please  mention  any  abnormal  phenomena  observed  during  these 
tests.  When  special  steels  are  used,  especially  in  the  case  of 
castings,  have  you  made  provision  for  reduced  dimensions  (thick- 
ness of  web)  ?  What  minimum  dimensions  were  attained  and 
with  what  results? 

(g)  Please  add  photographs,  if  these  seem  necessary  to  show  the  re- 
sults of  the  tests. 
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4.  As  regards  rails,  please  state  how  they  are  manufactured:  whether  by 

rolling,  by  pressing  or  by  casting.  Please  give,  for  purposes  of 
comparison,  .the  same  information  about  rails  made  of  ordinary 
steel,  if  these  are  used  under  the  same  conditions  of  service: 

(a)  The   coefficient   of   quality,    that   is,    the    ratio    of    defective    rails' 
to  the  number  of  rails  laid  (1 :....)  ; 

(b)  Wear  of  the  rail  heads   (rolling  surface  and  side),  per  unit  of 
surface,  and 

(c)  In  percentage  of  the  surface  of  the  rail  head. 

5.  In  the  case  of  frogs,  please  state  whether  these  are  cast  or  are  built 

up  of  pieces  of  rail ;  also  whether  special  steel  is  only  used  for 
the  rolling  surface  and  for  the  knuckles  of  the  wing  rails. 

6.  In  the  case  of  point  rails,  are  these  wholly  made  of  special  steel,  or 

only  over  part  of  the  length,  starting  from  the  point? 

7.  From  the  point  of  view  of  the  safety  of  the  traffic,  do  you  approve 

of  the  hardening  or  tempering  of  rails? 

8.  In  your  opinion,  what  properties  of  the  material  have  as  yet  not  been 

sufficiently  elucidated,  and  require  careful  investigation,  and 
further  improvement,  in  order  to  enable  railways  to  use  given 
special  steel,  with  advantage,  for  given  purposes? 

(*)  A  rail  is  considered  defective  if  it  has  to  be  taken  out  of  the  track 
in  consequence  of  fracture  or  of  defects  in  the  metal  used;  provided  that 
the  fracture  is  not  caused  by  any  defect  in  the  rolling  stock. 


Appendix    B. 

Liste 

des 

Administrations   Exploitant    des    Chemins    de    Fer 

Appartenant 

A   L 'ASSOCIATION  INTERNATIONALE  DU  CONGRES  DES  CHEMINS  DE  FER 

(Juillet,  1912) 
Replies  received  from  those  with  "R"  prefixed. 


Kilo- 
metres 


Designation  des  Administrations 


Addressee 


4,016 
5,446 
2,670 

4,636 
1,107 


1,778 
195 


1,503 


1,238 
608 


357 


410 


15 
16R 

476 

4,086 

17R 

352 

18R 

3,190 

19R 

7,136 

20K 

314 

21 R 

631 

22R 

3,083 

23  R 

956 

24R 

863 

25 

2,148 

26R 

1,606 

30R 


5,145 


930 
378 


6,720 


ARGENTINE  (REPUBLIQUE) 


Chemins  de  fer  de  l'Etat 

Buenos  Aires  Great  Southern  Railway. 
Buenos  Aires  Western  Railway 


Central  Argentine  Railway. 
Entre  Rios  Railways 


Rosario  a  Puerto-Belgrano 

BRESIL. 

Compagnie  auxiliare  de    chemins  de  fer  au 

Bre"sil 

Chemin  de  fer  Central  du  Bresil 

Great  Southern  of  Brazil  Railway 

Great  Western  of  Brazil  Railway 


CHILI. 
Antofagasta  (Chili)  &  Bolivia  Railway. 

Nitrate  Railways 

COSTA-RICA. 
Costa-Rica  Railway 


CUBA. 


Cuban  Central  Railways 

ETATS-UNIS  D'AMe'rIQUE. 
(UNITED  STATES  OF  AMERICA.) 


Alabama  Great  Southern  Railroad 

Atchison,  Topeka  &  Santa  Fe  Railway 

Atlanta  &  West  Point  Railroad  and  the  West 

era  Railway  of  Alabama 

Atlantic  Coast  Line  Railroad 

Baltimore  &  Ohio  Railroad 

Bessertier  &  Lake  Erie  Railroad 


Boston  &  Albany  Railroad 

Central  of  Georgia  Railway 

Central  Railroad  of  New  Jersey. 

Central  Vermont  Railway 

Chessipeake  &  Ohio  Railway  — 
Chics.go  &  Alton  Railway 


Chicago,  Burlington  &  Quincy  Railroad 

Chicago,  Indianapolis  &  Louisville  Railway 
Chicago,  Peoria  &  St.  Louis  Railway  of  Till 

nois ; 

Chicago,  Rock  Island  &  Pacific  Railway 


Buenos-Aires,  Peru,  672. 
London, E.C.Finsbury  Circus,  7. 
London,     E.     C,     River    Plate 

House,  Finsbury  Circus. 
London,  E.  C,  Coleman  St.,  3a. 
London,     E.     C,     River    Plate 

House,  Finsbury  Circus. 
Paris,  rue  Louis-le-Grand,  11. 


Bruxelles,  rue  de  l'lndustrie,  33. 

Rio  de  Janeiro. 

London,   E.   C,   Queen   Victoria 

st.,  14. 
London,     E.     C,     River    Plate 

House,  Finsbury  Circus. 


London,  E.  C,  Broad  street  place, 

1  Finsbury  Circus. 
London,  E.  C,  Cannon  St.,  110. 


London,  E.G.,  Dashwood  house, 
New  Broad  street,  9. 


London,  E.  C,  Coleman  street,  2. 


Cincinnati  (0). 
Chicago  (111.). 

Atlanta  (Ga.). 

Wilmington  (N.  C). 

Baltimore  (Md.). 

Pittsburgh  (Pa.),  Carnegie  Build- 
ing. 

Boston  (Mass.). 

Savannah  (Ga.). 

New  York,  Liberty  street,  143. 

St.  Albans  (Vt.). 

Richmond  (Va.). 

Chicago  (111.),  Railway  Exchange 
Building,  Michigan  avenue  and 
Jackson  boulevard. 

Chicago  (111.),  West  Adams  street, 
226. 

Chicago  (111.),  Republic  Buildina;. 

Springfield  (HI.). 
Chicago   (111.),   La  Salle   Street 
Station. 
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Kilo- 
metres 


Designation  des  Administrations 


Addresses 


31R 
32R 


43 


45  R 
46R 


71 


75R 
76 


544 


33 

85 

34 

262 

35  R 

1,258 

36 

1,585 

37R 

4,189 

38 

309 

39R 

1,357 

40  R 

3,645 

41R 

945 

42R 

546 

1,223 
217 


2,222 
636 


47R 

1,938 

48 

116 

49R 

3,003 

50  R 

3,822 

51R 

1,490 

52 

1,979 

53 

650 

54R 

1,297 

55 

842 

56R 

3,202 

57R 

3,304 

58R 

4,974 

59R 

8,572 

60 

344 

fil 

230 

62 

315 

63 

277 

64 

132 

65 

3,003 

66  H 

2,538 

67R 

10,644 

08 

55 

69  R 

70 

399 

71 

148 

72 

208 

73R 

1,331 

871 


3,003 
407 


Cincinnati,  New  Orleans  &  Texas  Pacific  Rail- 
way (Queen  &  Crescent) 

Cleveland,  Cincinnati,  Chicago  &  St.  Louis 
Railway 

Cumberland  &  Pennsylvania  Railroad 

Cumberland  Valley  Railroad 

Delaware  &  Hudson  Company 

Delaware,  Lackawanna  &  Western  Railroad. . 

Denver  &  Rio  Grande  Railroad 

Elgin,  Joliet  &  Eastern  Railway 


El  Paso  &  Southwestern  System. 
Erie  Railroad 


Grand  Rapids  &  Indiana  Railway . 
Hocking  Valley  Railway 


Kansas  City,  Mexico  &  Orient  Railway.  . . . 

Lehigh  &  New  England  Railroad 

Lehigh  Valley  Railroad 

Long  Island  Railroad 


Maine  Central  Railroad 

Manistee  &  Grand  Rapids  Railroad 

Missouri,  Kansas  &  Texas  Railway 

Missouri  Pacific  Railway 

Mobile  &  Ohio  Railroad 

Nashville,  Chattanooga  &  St.  Louis  Railway 

New  Orleans,  Mobile  &  Chicago  Railroad. 
New  York  Central  &  Hudson  River  Railroad 

New  York,  Chicago  &  St.  Louis  Railroad. 

Norfolk  &  Western  Railway 

Northern  Pacific  Railway 

Pennsylvania  Lines  West  of  Pittsburgh .... 


Pennsylvania  Railroad 

Pittsburgh,  Shawmut  &  Northern  Railroad 

Alabama  &  Vicksburg  Railway.   

New  Orleans  &  Northeastern  Railroad 

Vicksburg,  Shrevcport  &  Pacific  Railway. . . 
Richmond,  Fredericksburg  &  Potomac  Rail 

road  

St.  Louis  &  San  Francisco  Railroad 

St.  Louis  Southwestern  Railway 

Southern  Railway 


Staten  Island  Rapid  Transit  Railway 

Terminal  Railroad  Association  of  St.  Louis. 

Toledo,  Peoria  &  Western  Railway 

Toronto,  Hamilton  &  Buffalo  Railway 

Ulster  &  Delaware  Railroad 

Vandalia  Railroad 


Western  Maryland  Railroad . 
CANADA. 


Grand  Trunk  Railway. . . 
Quebec  Central  Railway. 


PEROU. 


Cincinnati  (O.). 

Cincinnati  (O.). 

Cumberland  (Md.). 

Chambersburg  (Pa.). 

New  York,  Nassau  street,  32. 

Scranton  (Pa.). 

New  York,  Broadway,  165. 

Chicago  (111.),  Commercial  Na- 
tional Bank  Building. 

New  York,  John  street,  99. 

New  York,  Fulton  Building,  Hud- 
son Terminal,  Church  street, 
50,  corner  Fulton. 

Grand  Rapids  (Mich.). 

Columbus  (O.),  East  Broad  street 
50. 

Kansas  City,  Tenth  street  and 
Baltimore  avenue. 

Philadelphia  (Pa.),  Chestnut 
street  437 

Philadelphia  (Pa.),  South  Third 
street,  228. 

New  York  City  (N.  Y.),  Penn- 
sylvania Station. 

Portland  (Me.). 

Manistee  (Mich.). 

St.  Louis  (Mo.). 

St.  Louis  (Mo.). 

Mobile  (Ala.). 

Nashville  (Tenn.),  Broadway, 
1000. 

Mobile  (Ala.). 

New  York,  Grand  Central  Sta- 
tion. 

Cleveland  (O.). 

Roanoke  (Va.). 

St.  Paul  (Minn.). 

Pittsburgh  (Pa.),  Pennsylvania 
Station. 

Philadelphia  (Pa.),  Broad  Street 
Station. 

New  York,  Wall  street,  60. 

New  Orleans  (La.). 

New  Orleans  (La.). 

New  Orlea.ns  (La.). 

Richmond  (Va.). 

St.  Louis  (Mo.),  Frisco  Building. 

St  Louis  (Mo.). 

Washington  (D.  O.Pennsylvania 

avenue,  1300. 
New  York  ,  State  street,  17. 


Lima  Railways. 


Peoria  (III./. 
Rochester  (N.  Y.). 
Kingston  (N.  Y.). 
St.  Louis    (Mo.),  Century  Build- 
ing. 
Baltimore  (Md.). 


Montreal. 

London,  E.  C,  Great  Winchester 
street,  5. 


London,  E.  "C.,  College  Hill,  23. 
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79  R 

80 


Kilo- 
metres 


161 


1,569 
150 


Designation  des  Administrations 


SALVADOR. 

Salvador  Railway 

URUGUAY. 

Central  Uruguay  Railway  of  Montevideo 
Uruguay  Western  &  Port  Company 


Address 


London,  E.  C,  Idol  Lane,  7-8. 


London,     E.     C,     River    Plate 

House,  Finsbury  Circus. 
Montevideo,  CasilladeCorreo,  49. 


NOTES: 

The  Pennsylvania  Railroad,  No.  59,  is  the  parent  company  of  the  Pennsylvania  Railroad 
System,  which  embraces  the  following  companies  operated  under  their  own  management, 
supervised  by  the  parent  company: 

No.  58 — Pennsylvania  Lines  West  of  Pittsburgh,  subdivided  into: 

(a)  North  West  System. 

(b)  Central  System. 

(c)  South  West  System. 
No.  73 — Vandalia  Railroad. 

No.  34 — Cumberland  Valley  Railroad. 
No.  41 — Grand  Rapids  &  Indiana  Railway. 
No.  46 — Lona:  Island  Railroad. 
No.  56— Norfolk  &  Western  Railway. 
No.  70 — Toledo,  Peoria  &  Western  Railway. 
The  New  York  Central  &  Hudson  River  Railroad,  No.  54,  is  the  parent  company  of  the 
New  York  Central  Lines,  which  embrace  the  following  companies   operated    under  their 
own  management,  supervised  by  the  parent  company: 
No.  21 — Boston  &  Albany  Railroad. 

No.  32 — Cleveland,  Cincinnati,  Chicago  &  St.  Louis  Railway  (Big  4). 
No.  55 — New  York,  Chicago  &  St.  Louis  Railroad  (Nickel  Plate). 
No.  74 — Western  Maryland  Railroad. 
The  Southern  Railway,  No.  69,  controls  the  following  companies,  operated  under  their 
own  management: 

No.  15 — Alabama  Great  Southern  Railroad. 

No.  31 — Cincinnati,  New  Orleans  &  Texas  Pacific  Railway  (Queen  &  Crescent  Route), 
joint  control  with  C.  H.  &  D.  Ry.,  and  Alabama,  New  Orleans,  Texas  & 
Pacific  Junction  Rys. 
No.  51— Mobile  &  Ohio  Railroad. 


Appendix   C. 

LIST  OF  THE  FROG  AND  SWITCH  MANUFACTURERS  IN  THE 
UNITED   STATES  AND   THEIR  ADDRESSES. 

Ajax  Forge  Co Chicago,  111. 

American  Frog  &  Switch  Co Hamilton,  O. 

Barbour-Stockwell  Co Cambridge,  Mass. 

Buda  Co.,  The Chicago,  111. 

Cincinnati  Frog  &  Switch  Co.,  The Cincinnati,  O. 

Cleveland  Frog  &  Crossing  Co Cleveland,  O. 

Columbia  Steel  Co San   Francisco,   Cal. 

Conley  Frog  &  Switch  Co Memphis,  Tenn. 

Continuous  Frog  &  Crossing  Co St.  Louis,  Mo. 

Curtis  &  Co.  Mfg.  Co St.  Louis,  Mo. 

Elliot  Frog  &  Switch  Co East   St.   Louis,   111. 

Falk  Co Milwaukee,  Wis. 

Frog,  Switch  &  Mfg.  Co Carlisle,  Pa. 

Guerber  Engineering  Co Bethlehem,  Pa. 

Indianapolis  Switch  &  Frog  Co.,  The Springfield,  O. 

Judson  Mfg.   Co San   Francisco,   Cal. 

Kilby  Frog  &  Switch  Co Birmingham,  Ala. 

Lorain  Steel  Co Johnstown,  Pa. 

Maryland  Steel  Co Baltimore,  Md. 

M-C-B  Co.,  The Chicago,  111. 

Morden   Frog  &   Crossing  Works Chicago,  111. 

Newhall,  Geo.  M.,  Engineering  Co Philadelphia,  Pa. 

New  York  Switch  &  Crossing  Co Hoboken,  N.  J. 

Pennsylvania  Steel  Co Steelton,  Pa. 

Pettibone,  Mulliken  &  Co Chicago,  111. 

Ramapo  Iron  Works Hillburn,  N.  Y. 

Richardson  &  Co.   (Inc.) Pittsburgh,  Pa. 

Robinson  &  Orr Pittsburgh,  Pa. 

St.  Louis  Frog  &  Switch  Co St.  Louis,  Mb. 

Seattle  Frog  &  Switch  Co Seattle,  Wash. 

Weir  Frog  Co Cincinnati,  O. 

Wharton,  Win,  Jr.,  &  Co.,  Inc Philadelphia,  Pa. 
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REPORT  OF  PENNSYLVANIA  LIXES  OX  THE  COMPARATIVE 

RESULTS    OF   THE  USE   OF   ORDIXARY   BESSEMER 

STEEL    AXD    MAXGAXESE    STEEL    FROGS 

AND    SWITCH   POIXTS. 

Frogs: 

We  have  now  had  the  Manganese  steel  frogs  and  crossings  in  service 
on  our  lines  a  sufficient  length  of  time  to  form  some  conclusion  regarding 
their  economy,  as  compared  with  frogs  and  crossings  of  ordinary  con- 
struction. 

From  the  data  obtained  the  annual  charge  or  cost  of  a  frog  of  each 
type  may  be  computed  by  the  method  shown  below,  which  requires  the 
use  of  compound  interest  and  annuities.  A  fixed  sum  of  money  paid  an- 
nually is  called  an  annuity  and  is  expressed  by  the  formula : 

rate 

Annuity  = where  "ri' =  number  of  years. 

(i  -f-  rate)  n-i 

Example — Take  the  case  of  two  Xo.  8  spring  frogs  on  the  Pitts- 
burgh Division,  replaced  with  Hard   Point  Manard  Frogs. 

Ordinary  Construction  : 

Average  Xet  Cost  (is  the  sum  of  first  cost,  cost  to 

install  and  cost  of  repairs,  less  scrap  value) .  .$  40.00 

Annuity  on  $1.00  at  4  per  cent,  for  average  life  of 

frogs  (1.13  years),  derived  from  above  formula      0.883 

Annual  charge,  $40.00  X  0.883  =  $35-32 

Interest  on  $40x0  for  1  year  at  4  per  cent 1.60 

Total  Annual  Average  Charge,  ordinary  frog.  $36-92 

Hardened  Steel  Construction : 

Average  Xet  Cost  (obtained  as  above) $111.00 

Annuity  on  $i.co  at  4  per  cent,  for  average  life  of 

frogs  (3.95  years),  derived  from  above  formula       0.238 
Annual  charge,  $iii.co  X  0.238=  $26.42 

Interest  on  $111.00  for  1  year  at  4  per  cent 4-44 

Total  Annual  Average  Charge,  hardened  steel 

frog $30.86 

Average    Annual    Saving,    per    frog,    by    using 

hardened  steel $  6.06 

By  transposing  the  above  formula  to : 
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(cr+(A-i) 


Los 


n=  (A-I) 


Log  I  +  r 
Where  c  =  Net  cost. 

I  =  Interest  on  net  cost. 
A  =  Annual  charge, 
r  =  Rate  per  cent. 
n=  Number  of  years. 
We  may  form  some  idea  of  the  economy  of  a  hardened  steel  frog 
by  estimating  its  probable  life,  for  instance: 

An  ordinary  frog  costing  $56.00  will  last  1.5  years  in  a  given  location, 
the  annual  charge  for  it  being  $38.98.  How  long  must  a  hardened  steel 
frog  costing  $114.00  last  in  the  same  location  to  effect  the  same  annual 
charge  ? 

Here  c  =  $114.00. 
A  =  $  38.98. 
I  =  $114  X  .04  =  $4.56. 
r  =:  .04. 
Substituting  these  values  in  the  formula,  and  solving  for  "n" : 

(4.56+  (38.98-4.56)  (38.98) 

Log Log 

(38.98  —  4.56)  (3442)  .0541532 

n  = 


Log  1.04  Log  1.04  .0170333 

n  =  3.17  years. 

From  the  reports  received,  the  average  annual  saving  or  deficit  due 
to  the  use  of  hardened  steel  frogs  has  been  tabulated  in  Table  XIX.  In 
this  tabulation  the  frogs  have  been  grouped  by  numbers  and  types. 

A  study  of  the  Table  XIX  will  show : 

1.  Among  the  frogs  considered  the  hardened  steel  frogs  give  a 
greater  average  life  than  those  of  ordinary  steel,  the  average  being  about 
4  to  1  for  stiff  rail  and  2>Va  to  1  for  spring  rail. 

2.  There  are  a  number  of  instances  where  the  records  indicate  that 
the  average  annual  cost  for  the  hardened  steel  frogs  is  greater  than  for 
frogs  of  ordinary  construction. 

It  should  be  borne  in  mind,  however,  that  in  many  cases  the  life  of 
the  hardened  steel  frogs  has  been  estimated,  inasmuch  as  these  frogs  are 
still  in  service  and  that  when  they  are  worn  out  the  results  as  now  noted 
may  become  somewhat  different. 

3.  In  general,  the  hardened  steel  frogs  show  a  greater  annual  sav- 
ing when  compared  with  ordinary  stiff-rail  frogs  than  when  compared 
with  ordinary  spring-rail  frogs. 

4.  Of  the  twenty-six  single-track  crossings  considered,  there  are  but 
six  where  the  average  annual  cost  is  greater  for  the  hardened  steel  con- 
struction than  for  the  ordinary  construction,  viz.,  the  six  crossings  on  the 
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Western  Division   of   Manarcl   steel   construction.     These   were   of   early 
design,  which  has  since  been  changed. 

Too  much  stress  should  not  be  placed  on  relative  comparisons  at  dif- 
ferent points;  since  these  comparisons  are  made  without  regard  to  location 
of  crossings,  angle,  or  other  local  conditions;  for  instance,  it  is  felt  that 
crossings  approximating  right  angles  are  the  most  difficult  and  costly 
to  maintain  on  account  of  the  more  severe  wheel  blows  they  receive,  and 
no  consideration  has  been  given  to  the  crossing  angle  in  these  tables. 

Another  point  to  be  remembered  is  that  this  method  of  comparison 
of  average  annual  costs  does  not  take  into  consideration  the  comparative 
traffic  over  the  frogs  and  crossings,  but  it  is  felt  that  even  with  the 
omission  of  this  consideration  the  results  obtained  from  the  use  of  the 
formula  are  dependable  enough  for  all  practical  purposes,  and  that,  un- 
less the  traffic  over  the  different  frogs  and  crossings  during  their  life 
has  varied  to  a  marked  degree,  it  can  be  ignored  without  leading  to  false 
conclusions. 

From  the  information  tabulated,  the  data  necessary  to  show  graph- 
ically on  Fig.  64  the  average  relative  cost,  life  and  annual  charges  of  stiff- 
rail  frogs  of  ordinary  construction  compared  with  those  of  hardened  steel 
construction,  and  on  Fig.  65  a  similar  comparison  with  the  ordinary  spring- 
rail  frogs,  have  been  deduced. 

The   ratio  of  the  average  life  of   hardened   steel   frogs  to   frogs   of 
other  construction  in  same  location  was  found  to  be : 
1  to  3.95  for  ordinary  stiff-rail  frogs. 
1  to  3.25  for  ordinary  spring-rail  frogs. 

For  simplicity  the  ratio  1  to  4  has  been  used  in  preparing  the  data 
for  Fig.  64,  but  the  exact  ratio  1  to  3.25  has  been  retained  in  the  case  of 
Fig.  65. 

On  these  two  figures  are  platted  curves  of  annual  charges  for  frogs, 
the  first  and  net  cost  of  which  are  shown  along  the  upper  margin.  The 
annual  charges  include  the  average  cost  of  installing  the  frogs,  repairs 
during  life  and  credit  taken  for  scrap  value. 

These  figures  are  intended  to  show  where  it  may  or  may  not  be 
economical  to  substitute  a  frog  of  hardened  steel  construction  for  one  of 
ordinary  construction,  for  instance : 

In  a  certain  location  we  have  a  stiff-rail  frog  of  ordinary  construc- 
tion, its  first  cost  being  $33.00  and  its  life  2  years.  How  much  can  we 
afford  to  pay  for  a  hardened  steel  frog  with  the  expectation  of  it  giving 
a  life  four  times  that  of  the  ordinary  frog?  By  referring  to  Fig.  64  we 
find  that  the  curve  of  annual  charges  for  the  ordinary  frog  crosses  that 
of  a  hardened  steel  frog  costing  $105.00  on  the  "two-eight"  year  line  and 
if  we  can  buy  the  hardened  steel  frog  for  less  than  $105.00  we  can  reduce 
our  annual  charge  to  less  than  that  required  for  an  ordinary  frog  costing 
$33.00. 

Again  we  have  in  a  certain  location  an  ordinary  stiff-rail  frog,  which 
originally  cost  $57.00  and  gave  3  years'  service.  We  have  a  quotation  of 
$170.00  for  a  hardened  steel  frog.    Will  this  pay?     Fig.  64  shows  that  the 
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annual  charge  for  the  $57.00  frog  at  the  end  of  its  life  was  about  $17.00 
and  for  a  life  4  times  greater,  or  12  years,  the  annual  charge  for  the 
$170.00  frog  will  be  about  $17.80;  therefore,  it  would  not  be  economical 
to  make  the  substitution  unless  we  secured  a  better  quotation  than  $170.00. 

Again  we  have  a  spring-rail  frog  which  cost  $47.00  and  gave  a  life 
of  2^  years.  A  hardened  steel  frog  can  be  substituted  which  will  cost 
$115.00.    Will  this  pay? 

The  annual  charges  for  the  two  frogs  are  approximately  equal,  viz., 
$16.00  after  a  life  of  2^  and  8>^  years  for  the  ordinary  and  hardened 
steel  frogs,  respectively;  therefore,  a  determination  of  the  frog  to  be  used 
can  be  based  on  traffic  or  other  conditions  which  would  warrant  the  se- 
lection of  one  or  the  other  type  of  frog. 

Figs.  64  and  65  also  bring  out  the  following  interesting  points  : 

(1)  An  ordinary  stiff-rail  frog  costing  $27.00  and  giving  six  months 
or  more  service  is  more  economical  than  the  cheapest  hardened  steel  frog 
at  $90.00,  while  if  we  have  to  pay  $33.00  for  the  ordinary  frog  it  is  not 
economical  unless  it  gives  more  than  four  years  and  nine  months'  service. 

(2)  An  ordinary  spring-rail  frog  costing  $38.00  and  giving  1  year  and 
nine  months  or  more  service  is  more  economical  than  the  cheapest  hard- 
ened steel  frog  at  $90.00;  while,  if  we  have  to  pay  $47.00  for  the  spring 
frog,  it  is  not  economical  unless  it  gives  more  than  six  years  and  ten 
months'  service. 

(3)  Hardened  steel  frogs  costing  $255.00  are  not  economical  to  sub- 
stitute for  highest  price  ordinary  stiff-rail  frogs  at  $62.00  if  the  ordinary 
frog  gives  six  months  or  more  service. 

(4)  Hardened  steel  frogs  costing  $210.00  or  more  are  not  economical 
to  substitute  for  the  highest  price  spring-rail  frog  at  $71.00  if  the  spring 
frog  gives  six  months  or  more  service. 

When  Manganese  frogs  were  first  introduced,  some  manufacturers 
only  made  the  wheel  tread  supports  of  the  wings  of  Manganese  steel, 
and  left  the  point  of  ordinary  carbon  steel.  Those  frogs  are  called  "Man- 
ard  S.  P."  in  column  4  of  the  table,  which  means  "Manard  Soft  Point," 
and  are  no  longer  manufactured,  as  it  is  now  well  recognized  that  the 
"point"  also  should  be  made  of  Manganese  steel. 

A  hardened  steel  frog  generally  shows  the  first  wear  on  the  point 
which  becomes  low ;  it  then  wears  on  top  of  treads,  forming  a  ridge  where 
wheels  strike  it.  In  the  case  of  some  frogs,  these  worn  places  can  be 
repaired. 

Manganese  steel  offers  a  safe,  durable  and  economical  material  for 
the  stiff-rail  frogs,  especially  the  higher  numbered  frogs,  where  better 
material  is  needed  in  the  frog  point. 

From  a  trackman's  point  of  view,  the  hardened  steel  frogs  are  much 
superior  to  the  ordinary  common  rail  frogs.  They  do  not  become  loose 
so  easily,  stand  up  better  under  traffic  and  require  less  maintenance.  They 
are  especially  favored  now  over  the  spring- rail  frogs  on  heavy  traffic 
divisions. 
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One  disadvantage  of  the  built-up  hardened  steel  frog  lies  in  the  im- 
possibility of  drilling  it  or  working  it  in  any  way  in  the  field,  owing  to  the 
extreme  hardness  of  the  Manganese  steel,  this  disadvantage  being  common 
to  all  makes. 

The  percentage  of  defects  in  hardened  steel  is  greater  than  in  ordi- 
nary rail  steel  and  for  this  reason  good  specifications  and  rigid  shop  in- 
spection are  highly  essential  for  good  results.  This  applies  especially  to 
the  solid  casting  types  of  hardened  steel  frogs,  which  are  now  made  by 
various  frog  and  switch  manufacturers.  While  this  type  of  frog  as  made 
by  the  different  manufacturers  may  vary  but  little  in  general  design,  yet 
a  material  difference  may  be  noted  in  the  location  and  thickness  of  metal 
for  the  reinforcing  ribs  and  other  essential  details  of  a  substantial  design. 
This  design  of  frog  has  not  yet  been  demonstrated  as  safe  for  use  at 
high-speed  points,  on  account  of  the  absence  of  any  reinforcing  bars  or 
other  means  of  tieing  the  frog  together  in  case  of  fracture. 

C.  E.  Rowe, 
Assistant  Engineer. 
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Switches: 

The  accompanying  table  contains  the  record  of  the  relative  service  of 
Bessemer  and  Manganese  steel  switch-points  on  the  Pennsylvania  Lines, 
similar  to  the  table  for  frogs,  but  in  this  case  the  average  number  of 
trains  per  diem  at  the  place  of  observation  is  given.  Owing  to  the  fact 
that  it  has  been  necessary  to  estimate  the  probable  total  life  of  the  most 
of  the  Manganese  steel  switch-points,  although  it  has  been  performed  in 
each  case  by  skilled  observers,  it  does  not  yet  seem  to  be  possible  to 
forecast  the  relative  economy  by  the  number  of  trains  per  diem.  Never- 
theless, it  is  very  plain  that  the  use  of  the  Manganese  steel  switch-points 
is  economical  in  every  case.  It  must  not  be  forgotten,  however,  that  they 
have  only  been  selected  for  locations  known  to  be  severe  on  the  Bessemer 
steel  points. 

The  primary  cost  of  the  Manganese  switch-points  is  1^2  to  3  times 
greater  than  of  those  made  of  Bessemer  steel,  but  the  monthly  cost  of  the 
latter  is  sometimes  13  times  as  great. 
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EXPLANATION  OF  TABLE  XIX. 


Column  1.  Abbreviations  for  names  of  Divisions: 
Pgh.means  Pittsburgh  Division. 
East. means  Eastern  Division. 
West .means  Western  Division. 

C.&  P. means  Cleveland  and  Pittsburgh  Division, 
E.&  A.means  Erie  and  Ashtabula  Division. 
Rich. means  Richmond  Division. 
Logan. means  Logansport  Division. 
C.T. means  Chicago  Terminal  Division. 


Column  2. 


Figures  indicate  frog  number. 

"Stiff  means  a  rigid  frog.  "Spring"  means  a  spring  rail  frog, 


Column  3.  Shows  the  number  of  frogs  considered  in  the  comparison. 

Column  4.  "Manard"  is  the  Pennsylvania  Steel  Co. '8  trade  name  for  "Man- 
ganese," and  is  a  corruption  of  the  Trords  "Manganese -hard. 
"H.P."  means  Hard  Point.  "S.P."  means  Soft  Point. 
Design  Ho. 160  is  illustrated  in  Fig. 17. 

Column  5.   "Eenna. Steel  Co."  means  Pennsylvania  Steel  Co. 
"Wharton"  means  William  Wharton  Junior  Co. 
"Cleveland  F.&  S.Co."  means  Cleveland  Frog  and  Switch  Co. 
"Indianapolis  S.&  F.Co."  means  Indianapolis  Switch  and  Frog  Co. 
"Korden  F.&  C.Wks."  means  Morden  Frog  and  Crossing  Works. 
"F.&  S.Co."  means  The  Frog  and  Switch  Co. of  Corlisle.Pa. 
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EXPLANATION  OF  TABLE  XX. 

Column  1>  The  interlocking  or  telegraph  towers  or  cabins  are 
designated  in  the  United  States  by  the  Morse 
telegraph  calls,  as  "PS"  Tower. 
"Trk."  is  abbreviation  for  "Track." 
"Jot."  is  abbreviation  for  "Junction." 
"W.B.Trk."  ie  abbreviation  for  "7/est  Bound  Traok." 
"E.B.M."  is  abbreviation  for  "East  Bound  Main." 

Column  2.  85#  Indicates  rail  weighing  85  pounds  per  yard. 

Column  7.  The  word  "Manard"  is  the  Pennsylvania  Steel  Co.'s  trade 

name  for  "Manganese"  and  is  a  corruption  of  the  words 
"Llanganese-hard ." 

Column  8.  "Wm.W.Jr.Co."  indicates  "7/illiam  7,'harton  Junior  Co." 
"P.S.Co."  indioates  "Pennsylvania  Steel  Co." 
"C.F.&  S.Co."  indicates  "Cleveland  Frog  and  Switch  Co." 
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Note. 

Ordinates  are  Life  inYears. 
Abscissas  are  Annual  Charges. 
Ordinary  Frogs  indicated  by  solid  I  ine. 
Hardened   ■  "         "  doited  line. 

Annual  Charges  are  based  on  Net  Cost,  but 

are  named  for  First  Cost 
Average  life  of  Hardened  Frogs  is  4 times  that  of 

Ordinary  Frogs  therefore  their  Annual  Charges 

are  platted  for  a  life  4- times  that  of  Ordinary 

Frogs  shown  on  same  abscissa. 


Fig.  64. 

Chart  showing  Annual  Charges 

for  Stiff  Rail  Frogs 

Ordinary  vs.  Hardened  Steel. 
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NOTE 

Ordmates  are  Life  in  Years 
Abscissas  are  Annual  Charges 
Ordinary  Frogs  indicated  by  solid  line 
Hardened  Steel  Frogs  indicated  by  dotted  line 
Annual  Charges  based  on  Net  Cost,  but 
named  for  First  Cost. 

Average  Life  of  Hardened  Frogs  is  3.25  times 
that  of  Ordinary  Frogs,  therefore  their  Annual 
Charges  are  platted  for  a  life  3.25  times  that 
of  Ordinary  Frogs  shown  on  same  abscissa. 


Fig  65. 
Chart  showing  Annual  Charges 
for  Spring  Rail  Frogs. 
Ordinary   vs.  Hardened  Steel. 
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PS    100  LB. 


*2P* 


Fig.  66 

Area  of  Head  4.09  sq.m     41.0% 
"      "  Web     1.85  "   "      18.6% 
"       "   Base    4.03  "    "     40.4% 
Total        9.97  "    "     100.0% 
Moment  of  lnertia*4l.9 
Section  Modulus  of  Head=l3.7i 
"  Base  =  15.91 


Appendix   E. 

REPORT  OF  THE  ATCHISON,  TOPEKA  &  SAXTA  FE  RAILWAY 
SYSTEM   OX  TRIALS  OF  MANGANESE   STEEL  RAIL. 

Herein  are  given  the  details  of  two  experiments  by  the  Atchison, 
Topeka  &  Santa  Fe  Railway  System  to  determine  the  amount  of  abrasion 
from  Manganese  steel  rail  heads  under  a  given  tonnage.  They  were  made 
on  io-degree  curves  (radius  574  ft.),  one  at  the  Mississippi  River  bridge 
and  the  other  at  the  Horseshoe  Curve  in  New  Mexico. 

The  general  data  in  regard  to  them  are  given  in  the  following  pages : 


First   Test. 

XOTES  OX  RAIL  SECTIOXS  OF  MAXGAXESE  STEEL  RAIL  OX 

10-DEGREE   CURVE   AT  WEST   EXD  OF   MISSISSIPPI 

RIVER  BRIDGE— ILLINOIS  DIVISION. 

Alinement — io-degree  curve. 

Sections  taken  at  locations  shown  on  sketch  map. 

Sections  show — 

Theoretical  original  section  of  rail,  dotted  lines. 

Actual  present  section  of  rail,  full  lines. 

Vertical  line — Taken  with  pantograph. 

Superelevation  of  track  taken  with  "Wye"  Level. 

Gage  of  track. 

Gage  side  of  rails. 
Grade — Level  grade  of  bridge  carried  around  curve,  then  0.60  grade  for 

300  ft.,  followed  by  0.33  grade. 
Single  Track. 
Character  of  Track  : 

Fully  tie-plated  and  screw-spiked. 

Gravel  ballasted. 
Volume  of  Freight  Traffic  =  8,247,000  gross  ton-miles  per  mile  per  annum. 
Total  number  of  scheduled  passenger  trains  per  day,  13. 

CHARACTERISTICS    OF    FREIGHT    AND    PASSENGER    EXGIXES    IN     SERVICE. 


Service 

Class 

Weight  in  pounds  on 

Drivers 

Axle 

Freight 

Passenger. 

566 
507 

135,000 
99,200 

48,670 
49,600 

Rail  laid  XTovember  and  December,  1909. 
Measurements  taken  February  12,  1913. 
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Rail  in  service  3  years  2  months. 
Rail  new  when  laid. 

Rail  manufactured  for  Manganese  Steel  Rail  Co.  by  Illinois  Steel  Com- 
pany. 
85  lbs.  per  yard  rail — A.S.C.E.  Section. 
Analysis  stated  by  Manganese  Steel  Rail  Company  generally  runs : 

Manganese    1 1.50  to  12.00  per  cent. 

Carbon  1.10  to     1.20  per  cent. 

Phosphorus   under    0.06  per  cent. 

Sulphur  under   0.04  per  cent. 

CONDITION  OF  RAILS  AT  SECTIONS  SHOWN  ON   LOCATION  DIAGRAM,  ON    IO-DEGREE 

CURVE  AT  WEST  END  OF   MISSISSIPPI  RIVER  BRIDGE,   NEAR  FORT  MADISON. 

DECEMBER,    I9II. 

Sec.  No.  i — Both  rails  in  good  condition. 
Sec.  No.  2 — Both  rails  in  good  condition. 
Sec.  No.     3 — Low  rail   shows   slight  fiber   at  center.     High   rail  in   good 

condition. 
Sec.  No.     4 — Low  rail  badly  burned  and  shows  fiber.     High  rail  in  good 

condition. 
Sec.  No.     5 — Low  rail  chipped   at   end   shows  brittleness — Badly  burned. 

High  rail  chipped  on  inside  corner  5  ft.  from  end,  for 

1  ft.  shows  brittleness. 
Sec.  No.     6 — Low  rail  shows  slight  fiber  and  slightly  burned.     High  rail 

slightly  scaled  on  inside  corner. 
Sec.  No.     7 — Low  rail  shows  fiber.     High  rail  shows  slivering  in  outside 

corner. 
Sec.  No.     8 — Low   rail  very  fibrous ;   chipped  at  end.     High  rail  surface 

slivers  in  outside  corner. 
Sec.  No.     9 — Low  rail  badly  burned ;  chipped  at  end,  apparently  by  burn 

at  same  plate.     High  rail  badly  burned. 
Sec.  No.  10 — Low  rail  slivered  and  badlv  burned.     High  rail  badly  burned. 
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1ST  TEST 
THE    A.T.&S.F.RY.  SYSTEM 
f^""  SKETCH  SHOWING. 

W        LOCATION  OF  PLACES  FOR  MEASURING 
SECTIONS  OF  85  LB.  A SCE.  MANGANESE 
PAIL  ON    10* CURVE  AT  WEST  END  OF 
^Zo      MISSISSIPPI  RIVER  BRIDGE. 
XfU  ILLINOIS    DIVISION 

^%  Fig.  67 


MP.  Means  "Mile  Post". Figures  after  the  + 
are  feet  thus  M.P.23Z*  1650  is  Mile  Post 
232  +(65o  feet. 
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THE  AT.&S.F.Ry.  SYSTEM 
SKETCH  SHOWING 
PERMANET  SET  IN  RAILS  AT    JOINTS 
ON  10°  CURVE  AT  WEST  END  OF 
MISSISSIPPI    RIVEP    BRIDGE 
ILLINOIS  DIVISION 
FIG.   68. 
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1ST.  TEST 
THE  A.T.&S.FRy.  SYSTEM 
SKETCH  SHOWING 
SECTIONS  OF   85 LB.  A.S.C.E..MANGANESE 
RAIL  ON    10°  CURVE  AT   WEST  END 
OF  MISSISSIPPI    RIVER   BRIOGE 
ILLINOIS    DIVISION. 


Low  Rail 


Sq.  in.  Abraded    0.37 


High  Rai 


Sq.  In.  Abraded   0.51 


SECTIONS 


Gauge  4-8%" 
5ec.N?5   M.P23Z+I205 
ILLUSTRATING        MAXIMUM 


ABRASION 


Low  Rail 


High  Rai 


ft  <u! 


^ 


Sec N° 9    MP.  232  11523 


So.  In.  Abraded    0.44 
Sec  N?8  M.P.232  4-  I4G9 


Gauge  Side^ 
SECTIONS     ILLUSTRATING   AVERAGE      ABRASION  (Nearest) 


FIRST  TEST 


of   Head    New 


LOW  RAIL 


HIGH  RAIL 


Area 
ToraT 


Area  Abraded  .10  Sections. 


3.50SQ  In. 

2.86 


3,50  Sq.ln. 


4.36 


Average 


per  Section. 


Ml 


0.44 


Percent.  " 

Wear  per  10,000,000  Tons  of  Freight 


8% 


2% 


O.llSgln. 


0.17  sojn. 
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Second   Test. 

KAIL      WEAR     COVERING      MANGANESE     RAIL      ON      HORSESHOE     CURVE     BETWEEN 
BLANCHARD    AND   RIBERA — NEW    MEXICO    DIVISION. 

Sections  taken  at  locations  shown  on  location  map. 
Sections  show — 

Theoretical  original  section  of  rail   (dotted  lines). 

Actual  present  section  of  rail  (full  lines). 

Vertical  line   (taken  with  company  rail-section  instrument  No.  i). 

Gage  of  track. 

Gage  side  of  rails. 

Heat  number  and  brand  of  rail  where  discernible. 
All  sections  are  taken  facing  in  the  direction  of  mile  posts. 
Volume  of  traffic 

Gross  Ton-Miles  Per  Mile  Per  Annum. 
Freight  Passenger  Total 


3,108,000  1,200,000  4,308,000 

CHARACTERISTICS   OF   ENGINES    IN    SERVICE. 


Service 

Class 

Weight  in  pounds  on 

Drivers 

Axle 

Freight 

Passenger 

1600 
1200 

234,580 
147,400 

53,900 
51,700 

Rail  laid  December,  1909 — New  when  laid. 
A.S.C.E.  85  lbs.  per  yard  rail. 
Sections  taken  February  5,  1913. 
Rail  in  service  3  years  2  months. 

Grades  are  very  heavy  eastbound,  varying  from  1.02  per  cent,  to  1.42  per 
cent. 
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Z*»-TES1 

THE  A.T.&S.FRY.  SYSTEM 
SKETCH  SHOWING 
LOCATION  OF  85  LB.  ASCI-  MANGANESE 
RAIL  ON    HORSESHOE  CURVE    NEAR 
QIBERA  ,  NEW    MEXICO. 

NEW  MEXICO  DIVISION. 

Fig  70 
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FiQ.71. 


THE   AT&S.FQY.  SYSTEM 

SKETCH  SHOWING 

SECTIONS  OF  85  LB.  A.S.C.E.MANGANESE 

RAIL  ON    HORSESHOE    CURVE  NEAR 

RIBERA     NEW   MEXICO 

NEW    MEXICO  DIVISION 


Low  Rail 


Sq.  In  Abraded  0  30 

HEAT  7 


SECTIONS 


Gauge  4'-  9'^ 
Sec.N?S  MP79Gt00 
ILLUSTRATING      MAXIMUM 


High  Rail 


Sq  In.  Abraded  OM 

HEAT  3 


ABRASION 


Low  Dai  I 


Sq.  In.  Abraded  0.22 

HEAT  15 


1  / 


jjiqhPail 


Sq.  In  Abraded  0.23 

HEAT 


Gauge  4'-83/i^ 

Sec.N0  5  MP.  7961240 
SECTIONS    ILLUSTRATING   AVERAGE     ABRASION  (Nearest) 


SECOND  TEST 


LOW  RAIL. 


HIGH  RAIL 


Area   of    Head    New" 


3.50Sq.ln. 


3.50Sq.ln. 


Total    Area. Abraded  1 10 Sections" 


1.42 


1.73" 


Average 


per  Section 


OJA 


0.25" 


Per  cent 


6% 


7% 


Wear  per  10,000,000  Tons  of  Frt.  &Pass^ 


O.I5Sq.ln. 


0.18  Sq  In 


Appendix  F. 

BALTIMORE  &  OHIO  RAILROAD   COMPANY'S   EXPERIMENTS 
WITH  SPECIAL  STEELS. 

The  Baltimore  &  Ohio  Railroad  Company  has  been  conducting  com- 
parative experiments  with  Special  Steel  rails  for  many  years,  and  the 
method  of  conducting  them,  and  the  records  of  the  trials  are  given  in  the 
following  pages : 

A  curve  or  curves,  usually  "sharp,"  that  is,  of  short  radius,  are  se- 
lected, and  the  different  kinds  of  steel  are  laid  in  alternate  stretches  of 
greater  or  less  length,  one  of  the  lots  of  steel  being  of  Bessemer  or  Open- 
Hearth,  the  characteristics  of  which  are  known.  The  comparison  is 
therefore  made  with  a  known  standard,  and  as  the  conditions  of  traffic  are 
the  same,  the  question  of  tonnage  is  eliminated,  as  it  is  desired  to  know 
how  much  longer  is  the  life,  or  how  much  greater  is  the  abrasion  of  one 
over  the  other.  Where  possible  to  obtain  it,  a  record  of  the  tonnage 
passing  over  the  rail  is  kept,  as  the  square  inches  abraded  from  the  rail 
head  per  10,000,000  tons  of  traffic  is  a  convenient  unit  to  use  for  com- 
parison with  the  results  of  other  administrations. 

After  laying,  the  outline  or  profile  of  the  section  of  several  selected 
rails  is  measured  with  an  instrument  similar  to  the  one  illustrated  in  Figs. 
47  and  48,  and  these  measurements  are  made  at  the  same  points,  about 
twice  a  year,  as  long  as  the  rail  is  in  service.  At  the  end  of  the  test  the 
results  are  compiled  into  the  form  of  "average  square  inches  abraded 
per  section,"  and  "percentages  of  area  abraded  to  total  area  of  head  of 
rail,"  for  each  kind,  one  of  which  usually  indicates  a  superiority  over  the 
other.  The  "total  square  inches  abraded"  are  recorded  also  for  each 
measurement  in  the  form  of  a  diagram,  the  whole  record  being  shown  on 
one  sheet,  and  then  compiled  into  such  other  forms  as  may  be  desired. 
Test  No.  911  is  a  comparative  trial  of  Nickel-Chromium  rail  with  Open- 
Hearth  rail,  and  so  on. 

The  chemical  analyses  of  the  different  steels  experimented  with  are 
given  in  the  two  following  tables : 
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TABLE  2ZI. 
CHEMICAL  ANALYSIS  OP  ORDINARY  STEEL 

C 

P 

>Jln 

Stt 

SI 

Open-Hearth  Rail. 

.53 
.66 

.04* 

.60 
.90 

.80* 

.63 
.76 

.04* 

.60 
.90 

m 

.20* 

Bessemer  Bail. 

.40 

.50 

.10* 

.80 
1.10 

.20* 

.45 

.65 

.10* 

.80 
1.10 

_ 

.20* 

Open-Hearth  Rail 

•  40# 

.05* 

.80* 

.056* 

„ 

Cast  Steel  Joints.... 

— 

.06* 

— 

.065* 

~ 

Traok  Bolts  and  Nuts. 

- 

.04* 

- 

.04* 

- 

*  Maximum  allowable 

#  Minimum  allowable 

TABLI 

XXII. 

CHEMICAL  ANALYSES  OF  SPECIAL  STEEL 

Phos- 

Sili- 

Sul- 

Nick- 

Tit. 

Carbon 

phorus 

Manganese 

con 

phur 

el 

Cr. 

Alloy 

Titanium  Alloy 

.45  to 
.65 

1.05  to 
1.25 

.10* 
.065* 

1.00 

11.00  to 
13.00 

.20* 

1.00 

Manganese  Steel 

High  Silicon 

.596 

.65 
.80 

.46 
.56 

.10 

.04* 
.10* 

1.11 

1.85 

.80 
1.20 

.69 

.20* 

.20* 

.096 
.04 

.20 

2.50 

1.25 

.50 
.90 

.45 

" 

Nickel  Chrome 

Mayari  Ore  Steel 

Niokel  Steel.... 

.48 

.04 

.87 

~ 

- 

3.32 

- 

- 

Manganese  for 

12.00) 

Manganese  for 

) 
) 

12.00) 
) 

12.00) 

f 

Manganese  for 

Speoi'al  Process  o 
Manufacture 

Manganese  for 

) 
12.00) 

Manganese  for 
lock  tongues 

) 
12.00) 

Note. —  Titanium 
*Maximum 

alloy  cor 
allowable 

tains  1 

D  per  cent. 

metallic  titanium. 

NICKEL    AND    BESSEMER    RAILS. 
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NICKEL-CHROME  AND  ORDINARY  O.  H.  RAILS. 
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TITANIUM    TEST    RAILS. 
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EI6I'IZA0N 
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TITANIUM   AND    OPEN-HEARTH   RAILS. 
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Appendix  G. 

PENNSYLVANIA  LINES— COMPARATIVE  EXPERIMENTS  WITH 

HIGH-CARBON  STEEL  RAILS  AND  RAILS  OF  BESSEMER 

AND  OPEN-HEARTH  STEEL. 

In  order  to  make  a  trial  of  the  relative  abrasive  resistance  of  rails 
of  different  kinds  of  steel,  an  8-degree  curve  (radius  717  ft.)  at  the  north 
end  of  the  Ohio  Connecting  Railway  Bridge  over  the  Ohio  River  at 
Pittsburgh  was  selected,  for  the  reason  that  the  grinding  action  of  the 
wheels  is  very  severe,  owing  to  the  fact  that  the  traffic  is  made  up  entirely 
of  slow-speed,  heavy  freight  trains.  There  are  no  passenger  trains.  The 
freight  traffic  is  principally  coal  in  one  direction  and  iron  ore  in  the  other, 
and  is  carried  in  large  heavy  steel  cars  with  an  axle  loading  of  38,000  to 
50,000  lbs.,  including  car  weight.  Ordinary  Bessemer  rail  usually  lasted 
on  this  curve  from  4  to  10  months,  according  to  the  density  of  traffic. 

Several  different  kinds  of  rail  were  selected  for  trial,  and  laid  on  the 
curve  successively,  one  being  worn  out  and  removed  before  the  next  one 
was  laid.  In  this  kind  of  test  it  was  therefore  necessary  to  keep  a  record 
of  the  tonnage  passing  over  each  lot  in  order  to  reduce  the  amount  of 
abrasion  to  the  same  unit  of  "square  inches  abraded  per  10,000,000  tons 
of  traffic."  The  abraded  areas  were  measured  with  the  usual  instrument 
on  selected  rails  at  stated  intervals,  as  already  described  under  the  caption, 
"Manganese  Steel  for  Rails,"  and  in  Appendix  F.  Some  selections  from 
the  records  are  given  in  the  following  pages. 

For  two  of  the  kinds  of  rail  experimented  with,  Nos.  4  and  6  of  the 
tables,  2  sets  of  rail  sections  (Figs.  79  to  83),  a  set  consisting  of  two,  the 
high  or  outside  rail  and  the  low  or  inside  rail,  are  displayed,  one  being 
the  nearest  representation  of  the  average  wear  or  abrasion,  the,  second 
being  the  nearest  representation  of  the  maximum  wear.  A  location  dia- 
gram showing  the  points  of  measurement  is  also  added. 

The  chemical  constituents  of  the  various  kinds  of  steel  are  given  in 
Table  XXIII,  both  from  the  analyses  of  the  ladle  test  ingot,  and  the 
analyses  of  the  finished  rail  after  having  been  in  service,  the  former  be- 
ing made  by  the  manufacturers  and  the  latter  by  the  railway  company. 
The  High-Carbon  rail  is  No.  6.  The  physical  properties  and  the  results 
of  the  abrasion  tests  are  given  in  Table  XXIV. 

This  table  shows  the  superiority  of  No.  6,  the  Pennsylvania  Steel 
Company's  High-Carbon  rail,  in  resistance  to  the  abrasive  action  of  the 
wheels,  over  the  rails  made  from  the  ordinary  Bessemer  or  Open-Hearth 
steel,  and  this  advantage  is  twice  as  great  as  for  the  best  of  the  others, 
which  is  No.  2,  Bessemer  rail  of  the  Carnegie  Steel  Company,  but  the 
differences  between  the  ordinary  and  Open-Hearth  rails  are  small  and 
entirely  within  the  limits  of  error  of  the  observations  and  records. 

The  large  amount  of  abrasion  of  the  Maryland  Bessemer  rail,  No.  3, 
is   very  noticeable,   the   chemical  elements  of  rather  low  carbon  and   low 
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phosphorus  for  Bessemer  rail,  and  the  physical  properties  showing  it  to  be 
a  soft  and  ductile  material,  somewhat  approaching  the  softness  of  Euro- 
pean rail  steel.  It  was  unfit  for  the  service  required  of  it,  as  the  metal 
began  to  flow  or  be  kneaded  out  towards  the  outside  of  the  low  rail  in  4 
days  after  laying,  as  shown  by  Fig.  84. 

The  extent  to  which  some  of  the  rails  were  allowed  to  wear,  because 
of  the  nature  of  the  traffic,  all  of  it  being  freight  at  slow  speed,  is  shown 
by  Figs.  85  and  86  of  a  rail,  which  is  of  Open-Hearth  steel  from  the  Gary 
Mill  of  the  Illinois  Steel  Company,  Li>t  No.  5.  this  particular  rail  being  a 
"B"  rail,  that  is,  the  second  from  the  top  of  the  ingot,  with  the  chemical 
composition  shown  in  Fig.  86.  The  tensile  strength  was  117,470  lbs.  per 
square  inch,  and  the  elastic  limit  82.270  lbs.  per  square  inch,  with  21.14 
per  cent,  reduction  of  area. 

While  the  High-Carbon  rails,  Xo.  6,  developed  such  admirable  quali- 
ties with  reference  to  the  resistance  to  abrasive  forces,  yet  a  serious  de- 
fect was  found  which  precluded  their  further  use.  Five  of  the  rails  broke 
in  service,  being  at  the  rate  of  1  failure  in  14  rails  laid,  and  4  of  them 
displayed  the  silvery  oval  spot  in  the  head,  which  has  come  to  be  known 
under  the  name  of  "Transverse  Fissure.-'  The  oval  spots  in  two  of  these 
rails  are  illustrated  in  Fig.  S>j.  and  the  chemical  and  physical  properties 
with  the  etchings  and  micro-photographs  of  each  are  given  in  Tables 
XX Y  and  XXVI  and  Figs.  88  and  89.  These  indicate  very  hard  rails,  high 
in  carbon,  witli  nickel  and  chromium,  and  but  little  ductility,  but  the 
clastic  limit  is  very  great  and  the  Brinell  hardness  is  very  high.  The 
axle  loads,  as  previously  stated,  are  not  nearly  as  heavy  as  those  in  pas- 
senger service.  The  properties  of  another  rail  of  the  same  lot,  which  did 
not  break,  but  wore  out  in  service,  are  given  in  Table  XXVII,  and  they 
are  about  the  same  as  the  ones  which  failed.  It  seems,  however, 
that  the  nuclei  of  the  spots  of  all  of  the  rails  which  broke  had  slag  in- 
clusions in  them. 

This  type  of  failure,  although  known  to  '"Austrian  Engineers  as  far 
back  as  1900  at  least,  has  only  been  known,  that  is.  by  experience,  to 
American  railway  Engineers  since  191 1.  and  the  cause  of  it  has  not  yet 
been  agreed  upon.  Up  to  the  present  time,  in  the  great  majority  of  cases 
of  its  occurrence,  it  has  been  in  very  hard,  high-carbon  rail,  but  it  has 
also  occurred  in  low-carbon  Bessemer  steel  in  this  country,  as  we'll  as  in 
Austria.  In  many  cases,  slag  inclusions  have  been  found  in  the  spots. 
while  in  some  cases  no  foreign  material  whatever  lias  been  discovered. 
Many  have  been  found  on  railroads  where  neither  the  quantity  of  traffic, 
the  speed  of  trains,  nor  the  axle  loads  of  locomotives  or  cars  has  been 
as  great  as  on  other  lines,  where  none  has  been  discovered,  and  certainly 
the  axle  loads  in  Austria  are  not  nearly  as  great  as  in  America. 

Additional  information  will  be  found  in  Proceedings.  American  Rail- 
way Engineering  Association,  Vol.  14,  for  1913,  page  413.  et  seq. 


*Besizt  Thomaseisen  die  Eigenschaften  eines  guten  BHickmateriales? 
II.  K.  Baurath,  Carl  Haberkalt  und  Ober-Ingenieur  Anton  Ritter  v.  Etormus. 
Wien  1901.  Some  of  the  photographs  from  this  have  been  reproduced  t>\ 
IJobt.  Job   in   Railwav  Age  Oazette.   Feh.    6,    1914,    p.    266. 
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*A  recent  theory  is  that  the  rails  having  this  defect  or  the  causes  of 
it  have  been  rolled  at  too  low  a  temperature,  and  it  is  also  claimed  that  the 
marks  of  the  "gagging"  or  straightening  press  have  been  found  at  the 
points  where  it  was  disclosed  by  fracture. 

The  oval  spot  is  usually  found  in  its  developed  condition  on  the  gage 
side  of  the  head,  or  over  the  web,  because  that  is  the  side  on  which  the 
wheel  pressures  are  greatest  in  the  United  States,  on  account  of  the 
wheel  tread  being  coned  at  a  slope  of  i  in  20,  while  the  rail  stands  at 
right  angles  to  the  crosstie,  but  the  "transverse  fissures"  or  cracks,  which 
are  the  origin  of  the  defect,  have  been  found  in  all  parts  of  the  head, 
and  some  of  the  developed  spots  even  have  the  appearance  of  being  on 
the  side  opposite  the  gage  side  in  the  case  of  those  illustrated  by  Pro- 
fessor Anton  Ritter  v.  Dormus. 

The  weight  of  the  evidence  is  on  the  side  which  believes  that  this 
type  of  failure  is  due  to  defects  in  manufacture  which  result  in  minute 
cracks  in  the  finished  product,  whether  they  be  caused  by  tearing  the  skin 
of  the  ingot  by  too  great  and  too  rapid  reduction  in  blooming,  or  by  fin- 
ishing the  rail  bar  at  too  high  or  too  low  a  temperature,  or  by  improper 
cooling  and  shrinkage  of  the  rail  on  the  cooling  beds,  or  careless  straight- 
ening in  the  gagging  press,  or,  in  advance  of  all  these  operations,  in  the 
manufacture  of  the  molten  steel  itself  by  not  allowing  sufficient  time  for 
the  escape  of  the  impurities  and  for  the  various  chemical  elements  to  per- 
form their  functions  in  the  Bessemer  converter,  Open-Hearth  furnace 
and  ladle,  and  in  the  proper  and  careful  casting  of  the  ingot.  Fault  has 
been  justly  found  with  all  these  operations,  and  it  is  the  general  belief 
of  the  railwav  Engineers  that  thev  must  undergo  improvements. 


♦Railwav   Age   Gazette,    Feb.    27,    1914.      "Interior   Transverse    Fissures    in 
Rail  Heads,"  by  F.  H.  Dudley.  C.  E.,  Ph.D. 


EXPLANATION  OF  ABBREVIATIONS. 

Sq.  in Square  inch. 

H High  Rail. 

L Luw  Rail. 

E.  &  W.  B.  Frt East  and  West  Bound  Freight. 

Mi.  per  Hr Miles  per  hour. 

Bess Bessemer. 

P.  S Pennsylvania  System. 

C Carbon. 

P Phosphorus. 

Mn Manganese. 

Si Silicon. 

S Sulphur. 

Ni Nickel. 

Chr Chromium. 

"ON" Morse  code  name  for  Signal  or  Telegraph  Tower. 

Diff Difference. 

L-W Low  rail  at  West  end  of  Curve. 

H-E High  rail  at  East  end  of  Curve. 

L.    Stone Low  Rail,  Stone. 

H.  None High  Rail,  None  (  On  Bridge  ). 

N North. 

S South. 

E East. 

W West. 

St Street. 

m Mile. 
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Fig.  84.     Flow  of   Metal,   Maryland. Rail.    Ohio  Connecting  Bbidge. 
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Photo  No.  502. 
R.  W.  H.  &  Co. 
8/30/10. 
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Report  No    &69, 


Table  XXV       *■»■«' 


Hi    •  .writ  .1". 


Pennsylvania  Railroad  Company 

P..  B.  4  W.  R.  R.  N    C.  RY.  W.  J.  A  S    R    R. 

LABORATORY  REPORT 

CHEMICAL   ANO   PHYSICAL   EXAMINATION   OF    RAIL  AND  OTHER   TRACK   MATERIAL 

Reierred  to  in    letter  V7.C. Cashing  to  J.T.Wallls,  dated  Feb. 14, 1912. 


Laboratory  No. 


23297-9  sample  Represents  rail  whloh  failed  594  ft.  west   of  "ON" 

Tower,"  Pittsburgh  Dlv.,   O.C.Ry.,   2-6-12.    (85-lb.  rail,   F.S.Seo.,  P.S.Co., 
1910-11-67-A,  neat  No.   16686).     Laid  July,   1910. 

Place  and  Oale    AltOOna.    Pa.,    April   27th,     igl2. 


CHEMICAL 

ANALYSIS 

PHYSICAL  TESTS 

C. 

Mn. 

p. 

Si. 

s. 

HI. 

Cr. 

Mill 
O'eg  Ttil 
•t.miner,! 
UMacM 

J.:;',:. 

"5S 

tart 

dimeter 

:::{-::\. 

Borings 

L».    P..   Su    1. 

Fteeure 

Head 

.86 

.87 

.029 

.165 

.034 

1.03 

.27 

136850 

84575 

1.0 

A 

.57 

a 

W.b 

.84 

.87 

.028 

.167 

.036 

.97 

.27 

Base 

.86 

.90 

.C2E 

.170 

.035 

1.00 

.27 

A,..;,. 

.86 

.86 

.027 

.167 

.035 

1.00 

.27 

Heat 

.805 

DROP  TEST.      SUPPORTS   12"  APART       WEIGHT   OF  TUP.   50  LBS. 

Test. 
No.  of 

Vibrations 

Test  Piece  at  "D"  §?'»3$" 

Test  Piece  at  "E"  J"*  1" 

Blows  at 
5  Ft. 

B'o.s  at 
10  Ft. 

Bio.i  « 
15  Ft. 

Deflec. 

Ft.  lbs. 

Blows  at 
3Fl. 

Blo.aal 
6  Ft. 

Blows  at 

10  Ft. 

OetJec. 

Actum 

Ft.  lbs. 

5 

1 

- 

5/16" 

1750 

Note 

688 

Location 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

•wage 

is 

B.nel, 

309 

320 

338 

341  |336 

541 

328 

331 

£z 

Scierorcope 

36 

37 

39 

37 

36 

1    39 

41 

38 

Note:  No  nsterlal. 

This  llayarl  rail  Is  high  In  carbon,  and  contains  chromium  and  nickel, 
resulting  In  a  very  hard  and  brittle  metal.  A  well  developed  "transverse  fis- 
sure" was  visible  at  the  break. 


Test  Sept.  No.  454. 


APPROVED— 


P.  N.  Peaae, 


Chiel  Chemist,  P.  R.  R. 


Deep  Etching  of  Fig.  88. 
Chem.  Lab.  No.  23297-8-9.     T.  D.  No.  454, 
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Light  Etching  of  Fig.  88. 
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Report  No     568.  TABLEXXVI  M.W34F  IW.!    »AZ  'c. ,,„. 

Pennsylvania  Railroad  Company 

P..  B.  A  W.  R.  R.  N.  C.  RY.  W    J.  4  S    R    R. 

LABORATORY  REPORT 

CHEMICAL    AND   PHYSICAL   EXAMINATION   OF   RAIL  AND  OTHER   TRACK   MATERIAL 

Reie.red  lo  in    letter  W.C.Cushing  to  J.T.Wallis,   dated  Feb.   14,    1912. 

Laboratory  No.23294-6  Sample  Rep-esentsrall  whioh  failed  1024  feet  west  of  "ON" 

Tower,  Pittsburgh  DiT.,   O.C.Ry.,   2-6-12,    (65-lb.  rail,  P.S.Seo.   O.C.Ry.  P.S. 
Co.,    1910-11-67-A,  Heat  ITo.   16696).     Laid  July,    1910. 


Place  and  Date     -i^OOna,    Pa..    April    27, 


,12. 


CHEMICAL  ANALYSIS 

PHYSICAL  TESTS 

Location 

C. 

Mn 

p 

Si 

S. 

Ni. 

Cr. 

Mill 
Orop  Test 
rtnnanml 

si"noTti 

IK? 

-:      r.Jd.      - 

0'igi.iiSfC 

Character 

of 

r»'2c;;;: 

Boi.ngs 

L*    P.-S,     I 

Fracture 

"•" 

.67 
.65 
.67 
.66 
.805 

.68 
.88 
-89 
.88 

.025 

.024 
.024 
.024 

.172 

.172 
.167 

.170 

.034 
.035 
.034 
.034 

1.01 
0.99 

1.00 
1.00 

.27 
.27 
.28 
.27 

124795 

93X50 

1.0 

1.02 

G 

Base 
»nal»s,s 

OROP  TEST       SUPPORTS   12"  APART       WEIGHT   OF   TUP,   50  LBS. 

Tost. 
No.  of 
Double 

Test  Piece  at  "D"  W *W 

Test  Piece  at  "E"  }"xl" 

Blows  at 
5  Ft 

Blows  at 
10  Ft 

Blows  at 
15  Ft. 

Oeftec 

Ft.  lbs 

Blows  at 
3  Ft. 

Blowa  at 
6  Ft. 

Blows  at 

10  Ft. 

Dollec. 

Accum. 
Ft.  lbs. 

5 

3 

~ 

5/16" 

2750 

Note 

498 

Location 

1 

2 

3 

4 

5 

6. 

7       Average 

is 

Bnnall 

320 

328 

320 

328 

328 

338 

347 

330 

£z 

Sciormtooo 

39 

38 

37 

36  I    36 

40 

42  |   38 

Note:  Ho  material. 

A  Mayari  rail  hieji  in  oarbon  and  containing  ohronuVun  and  nickel,  re- 
sulting in  high  Brinell  hardness.  The  physical  properties  in  general  indicate 
brittle  material.  A  "transverse  fissure"  was  found  at  the  break,  located  on 
the  gauge  side. 


Test  Dept.  No.  453. 


F.  li.   Pease. 

Chief  Chemist,  P    R.  R. 
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Deep  Etching  of  Fig.  8g. 
Chem.  Lab.  No.  23294-5-6.     T.  D.  No.  453. 
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4-S3 


Light  Etching  of  Fig. 
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Report  No    798. 


Table  XXVII      M-WMF 


Pennsylvania  Railroad  Company 

P..  B.  A  W.  R.  R.  N.  C.  RY.  W.  J    4  S.  R    R. 

LABORATORY  REPORT 

CHEMICAL   AND   PHYSICAL   EXAMINATION   OF   RAIL  AND  OTHER   TRACK   MATERIAL 

Referred  to  m  letter  W.C.CuBhing  to  J.T.wallls,   dated  April  24,    1912. 


Laboratory  No   24960-2  Sample  Represents   rail  which   failed    719    ft.   west    Of  "01!" 

Pittsburgh  Dlv.,   O.C.Ry.,   3-11.    (85-lb.   rail,  P.S.Seo.,  P.S.Co.   67^A,   O.H. 
Mayarl.  Heat  Ho.  16696).     Laid  July  12,   1910. 

Place  and  Date       AltOOlia,    Pa.,    July  24,  1912. 


CHEMICAL  ANALYSIS 

PHYSICAL  TESTS 

Location 

c. 

Mn. 

p 

Si. 

S. 

Cr. 

Nl. 

Mill 
Diop  Test 

r«imain»l 
Sf-lotko 
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REMARKS  - 


Note:  No  material. 


The  phy9loal  tests  indloate  hard  and  brittle  material.  The  head  of 
-a  portion  of  the  rail  left  after  cutting  samples  for  t6St  was  broleen  under  a 
steam  hammer.  Vo   transverse  fissures  detected. 


Test  Dept.  Ho.  697. 


APPHOVEO  - 


P.  N.  Pease, 


Chief  Chemist,  P.  R.  R. 


Appendix   H. 

CARBON     STEEL    RAIL    WITH     THE    ADDITION    OE    FERRO- 
TITANIUM    ON   THE   NEW   YORK  CENTRAL   &   HUD- 
SON RIVER  RAILROAD. 

The  metallic  element  Titanium  belongs  to  the  Tin  Group,  which  con- 
sists of  Tin,  Germanium,  Lead,  Titanium,  Zirconium  and  Thorium,  and  it 
is  only  within  the  last  few  years  that  it  has  been  possible  to  obtain  it  for 
manufacturing  purposes. 

The  use  of  ferro-titanium  was  begun  experimentally  by  Dr.  P.  H. 
Dudley,  for  the  New  York  Central  Lines,  in  igc8,  and  that  company 
bought  and  furnished  it  for  the  first  two  years  to  the  mills  where  the 
rail  was  being  rolled.  The  cost  of  the  ferro-titanium  was  $1.08  per  ton 
of  rails  manufactured,  and  in  addition  25  cents  per  ton  were  paid  to  the 
manufacturers  for  the  extra  work,  making  a  total  cost  of  $29.33  per  ton 
for  the  finished  rails.  When  ingots  were  spoiled,  it  resulted  in  a  loss  to 
the  railway  company,  on  account  of  having  furnished  the  ferro-titanium, 
and  therefore  arrangements  were  made  with  the  mills  to  furnish  their  own 
titanium  and  manufacture  the  rails  for  a  fixed  price,  which  was  $29.30  in 
1911. 

The  amount  added  to  Bessemer  rail  steel  in  the  beginning  was  from 
0.3  to  0.33  of  1  per  cent,  of  a  10  per  cent,  ferro-titanium  alloy  for  each 
one  ton  of  metal,  which  is  equal  to  0.03  per  cent,  of  metallic  titanium. 
The  ferro-titanium  alloy  is  made  separately.  The  iron  is  blown  in  the 
converter  in  the  usual  way,  then  recarburized  and  held  for  2V2  minutes 
before  pouring  into  the  ladle,  this  requirement  having  been  introduced 
into  the  New  York  Central  Lines  specifications  for  steel  rails  in  1908,  to 
enable  the  chemical  reactions  to  have  time  for  completion.  While  the 
steel  is  being  poured  into  the  ladle,  the  0.3  to  0.33  of  1  per  cent,  of  the 
ferro-titanium  alloy  is  added,  and  is  then  held  3  minutes  before  teeming 
into  the  ingot  molds,  which  is  done  through  il/>-\n.  nozzles,  a  requirement 
also  of  the  New  York  Central  Lines  specifications  since  1908.  At  this 
same  period,  Dr.  Dudley  introduced  another  change  in  the  specifications, 
which  he  considers  an  improvement.  The  length  of  ingots  about  19  in. 
square  was  limited  to  3  lengths  of  33-ft,  rails  for  the  ico  lbs.  per  yard 
section,  and  4  lengths  of  33-ft.  rails  for  the  80-lb.  section,  which  makes 
the  ingot  about  48  in.  high.  Fig.  90  shows  a  photograph  of  the  100-lb.,  3- 
length  ingots,  the  steel  of  which  set  quiet,  as  indicated  by  the  fiat  tops. 

Dr.  Dudley  says  that  one  advantage  of  the  short  ingot  is  that, 
inasmuch  as  the  shrinkage  cavity  is  a  definite  percentage  of  the  volume 
of  the  metal,  it  is  thereby  reduced;  an  additional  advantage  occurs  during 
rolling,  because  the  3-rail  bar  does  not  have  time  to  become  too  cool  for 
rolling.  The  3-rail  bar  goes  through  the  blooming  and  roughing  trains 
and  finishing  pass  in  from  41/!  to  5  minutes,  while  in  the  case  of  the  4-rail 
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Fig.  yo.    Reproduction  of  a  Photograph  Taken  March.  1908,  of  a  Heat 
of  Red  Hot  Ingots,  ig  I.\.  by  ig  Ix..  on  Mask,  with  Corner 
Radius  of  3^4  In.  for  Three  Lengths  of  ico-Li;.  33- 
Ft.  Rails,  with  Smooth,  Flat  Tors.    Lacka- 
wanna Steel  Company,  Buffalo,  X.  Y. 
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ingot,  the  time  was  from  6  to  6l/2  and  often  7  minutes,  allowing  the  rails 
in  many  cases  to  be  rolled  too  cold  for  proper  working. 

Five  thousand  tons  of  100-lb.  rails  were  made  in  December,  1908,  and 
were  laid  in  the  following  year,  in  May,  on  the  Electric  Division  of  the 
New  York  Terminal,  where  the  density  of  traffic,  all  passenger,  is  nearly 
2,000,000  tons  per  month,  and  where  there  had  been  many  breakages  of 
the  Bessemer  rails  formerly  laid.  Up  to  June,  1913,  none  of  these  rails 
had  failed  in  service.  One  rail  was  removed  in  the  second  year  on  ac- 
count of  seams  in  the  head,  due  to  the  ingot  mold  having  been  spattered 
slightly  in  pricking  the  stopper  of  the  ladle. 

In  1909,  13,200  tons  of  100-lb.,  and  2,500  tons  of  80-lb.  Bessemer  rail 
were  treated  with  0.03  per  cent,  of  metallic  titanium,  and  in  1910,  34.800 
tons  of  100-lb.,  and  49,200  tons  of  80-lb.  Bessemer  rail  were  treated  with  it. 

From  the  tests  conducted  up  to  that  time,  and  because  the  total  phos- 
phorus was  increasing  in  the  Bessemer  ores,  the  metallic  titanium  was  in- 
creased to  0.1  per  cent,  for  the  191 1  rails,  to  check  segregation,  lower  the 
manganese  and  increase  the  carbon  a  few  points.  Twelve  thousand  seven 
hundred  and  sixty  (12,760)  tons  of  100-lb.  and  13,500  tons  of  80-lb.  were 
rolled  for  the  New  York  Central  &  Hudson  River  Railroad. 

In  the  same  years  ferro-titanium  was  used  in  the  Bessemer  rail  steel 
of  the  Boston  &  Albany  Railroad,  a  subsidiary  of  the  New  York  Central 
Lines. 

The  Bessemer  steel  with  the  0.03  per  cent,  and  the  o.  1  per  cent,  metallic 
titanium  added  was  without  interior  blow  holes  in  the  metal  or  in  the  ex- 
terior columnar  structure,  but  the  latter  was  so  rigid  and  solid  in  bloom- 
ing that  the  butt  of  the  ingot  sometimes  checked  and  did  not  always  roll 
out,  an  invisible  trace  being  left  in  the  base  of  the  rail. 

The  chemical  composition  of  Bessemer  rails  from  1899  to  1908,  after 
it  was  impossible  to  obtain  low  phosphorus  ores  for  rail  steel,  was: 

Carbon    0.45  to  0.55 

Phosphorus,  not  to  exceed 0.10 

Manganese    0.80  to  1.10 

Silicon     0.10  to  0.15 

Sulphur,  not  to  exceed r 0.075 

Except  that  the  carbon   was  raised  about  3  points   for    1004.  and  January. 
1905,  rails. 

This  chemical  composition  was  intended  to  give  a  tensile  strength 
from  105,000  to  iio.coo  lbs.  per  square  inch,  with  elastic  limits  from  52,000 
to  56,000  lbs.  per  square  inch,  and  from  12  to  14  per  cent,  ductility.  The 
cold  rolling  reduced  this  in  many  rails  and  it  was  quite  irregular  per  heat 
The  test  butts  stood  the  weight  of  2,000  lbs.  falling' 20  ft.;  some  giving  5 
per  cent,  elongation  in  the  maximum  inch,  while  some  sheared  over  the 
supports,  indicating  that  the  rails  were  cold  rolled. 

The  sulphur  restrictions  were  omitted  in  the  1910  specifications,  owing 
to  a  demand  by  the  manufacturers  for  an  increased  price  of  5  cents  per 
100  lbs.  if  it  were  included.  It  was  not  considered  worth  it,  as  it  is  to  the 
advantage  of  tbe  manufacturer  to  keep  the  sulphur  as  low  as  possible. 
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The  above  composition  was  used  for  the  Bessemer  steel,  which  was 
treated  with  titanium  from  tgo8  to  roio,  inclusive.  The  tensile  strength 
was  106,000  to  115,000  lbs.  per  square  inch,  the  elastic  limit  from  53,000 
td  58,000  lbs.  per  square  inch,  and  the  ductility  8  to  14  per  cent,  per  inch 
under  the  drop. 

The  chemical  composition  for  plain  Bessemer  ico-lb.  rails  for  1008, 
m»)  and  1010  was  as  follows: 

Carbon    0.45  to  0.55 

Phosphorus,    not   to   exceed 0.10 

Manganese     0.90  to   1.10 

Silicon     0. 1 3  to  0.20 

The  chemical  composition  for  the  Bessemer  steel  rails  for  191 1,  to 
which  0.1   per  cent,  of   metallic  titanium   was  added,  was  as   follows: 

TABLE   XXVIII. 


Chemical  Elements 

80-pound 
section 

'90- pound 
section 

100-pound 
section 

0.55  to  0.65 

0.10 

0.40  to  0.70 

0.10  to  0.15 

0.58  to  0.68 

0.10 

0.40  to  0.70 

0.10  to  0.15 

0.60  to  0.70 

0.10 

0.40  to  0.70 

Silieon 

0.10  to  0.15 

The  ductility  was  from  8  to  16  per  cent,  per  inch  under  the  drop  test, 
but  with  Bessemer  steel  with  o.  10  phosphorus  was  never  under  full  control. 

At  the  same  time  that  the  use  of  ferro-titanium  was  begun,  several 
changes  in  the  conditions  of  manufacture,  as  noted  above,  were  intro- 
duced, and  in  considering  the  effect  of  the  metallic  titanium  it  is  somewhat 
uncertain  how  much  benefit  to  ascribe  to  each.  These  changes,  which 
were  as  follows,  must  be  taken  into  account : 

(1)  Holding  the  metal  in  the  converter  2J/2  minutes. 

(2)  Teeming  through  a  iJ/>-in.  nozzle  into  the  ingot  molds,  instead 
of  through  one  2j^-in.  as  formerly. 

(3)  Making  3-rail  ingots  instead  of  4-rail  ingots  for  100-lb.,  and 
4-rail  ingots  instead  of  5-rail  ingots  for  80-lb.  rail. 

Notwithstanding  these  simultaneous  changes,  Dr.  Dudley  believes  that 
some  of  the  superiority  of  the  Titanium-treated  rail  is  due  solely  to  the 
titanium. 

At  the  same  time  that  ferro-titanium  was  introduced  into  the  rail  steel, 
the  New  York  Central  Lines  began  the  use  of  Basic  Open-Hearth  rails,  and 
in  1908  laid  3.CC0  tons  on  the  Electric  Division  at  the  New  York  Terminal, 
in  competition  with  the  Titanium-treated  rail,  and  2,300  tons  in  the  Mo- 
hawk Valley,  where  the  temperature  often  falls  to  40  degrees  Fahrenheit 
below  zero.  The  object  of  their  use  was  to  secure  increased  ductility  and 
toughness,  which  was  possible  by  reason  of  the  low  phosphorus,  and  it  is 
reported  that  they  have  rendered  excellent  service,  as  not  a  defective  rail 
has  been  found  in  -co  tons  in  4Tj  years'  service  with  8o,ooo,oco  tons  of 
traffic. 
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For  lyi  i,  19,746  tons  of  too-lb.  and  20,422  tuns  of  80-lb.  Basic  Open- 
Hearth  rails  were  ordered  for  the  parent  company,  and  other  quantities 
for  the  subsidiary  companies. 

This  steel,  teemed  into  the  same  molds,  had  a  much  tougher  columnar 
structure,  and  when  bloomed  in  the  same  train  checked  less  than  the 
Bessemer  steel.  The  nse  of  the  Bessemer  steel  was  therefore  discon- 
tinued for  the  1912  and  future  rails.  In  km-'.  43,350  tons  of  100-lh.  and 
20,320  tons  of  80-lb.  Basic  Open-Hearth  rails  were  laid  on  the  New  York- 
Central  &  Hudson  River  Railroad,  and  other  quantities  by  the  subsidiary 
lines. 

The  chemical  composition  of  the  Basic  Open-Hearth  steel  was  as 
follows  : 

Carbon    0.62  to  0.75 

Phosphorus,   not  to  exceed 04 

Manganese     0.70  to  1.00 

Silicon     o.to  to  0.20 

The  tensile  strength  ranges  from  115,000  to  125,000  lbs.  per  scpiare 
inch  for  the  100-lb.,  and  from  1  io.cco  to  120,000  lbs.  per  square  inch  for 
the  80-lb.  rails,  while  the  elastic  limits  are  from  52  to  56  per  cent,  of  the 
ultimate.  The  ductility  in  an  order  of  20,500  tons  of  80-lb.  averaged  19.8 
per  cent,  out  of  a  calculated  possible  ductility  of  21  per  cent.  For  the  100- 
lb.  section,  the  average  ductility  was  16  per  cent,  in  a  large  order.  It  is 
usually  from   12  to   18  per  cent.     The  Brinell  hardness  is  from  241  to  260. 

It  is  reported  that  in  the  case  of  this  rail,  even  where  the  temperature 
goes  as  low  as  30  degrees  Fahrenheit  below  zero,  there  is  but  1  failure  in 
10,000  rails  laid. 

The  wear  or  abrasion  of  the  rail  heads  in  service  is  shown  in  Figs. 
91  to  94  in  terms  of  loss  in  pounds  per  yard,  and  also  in  pounds  per  mil- 
lion tons  of  traffic.  The  rails  in  Figs.  91  and  92  are  in  the  Fourth  Avenue 
Tunnel,  but  do  not  show  loss  of  metal  from  oxidation  under  the  electric 
service,  as  was  the  case  formerly  with  steam  locomotives.  Fig.  91  is  Bes- 
semer rail  treated  with  Titanium  and  Fig.  92  is  Basic  Open-Hearth  rail, 
and  the  rate  of  abrasion  is  the  same  with  each. 

Figs.  93  and  04  show  that  the  amount  of  metal  in  pounds  per  million 
tons  of  traffic  abraded  from  the  head  of  Bessemer  rail  treated  with 
Titanium  in  1908  is  less  than  that  from  plain  Bessemer  rail  of  1907,  at  the 
location  shown,  which  is  on  tangent  alinement  in  New  York  City  in  both 
cases,  where  the  traffic  is  heavy  and  the  conditions  severe. 

Metallic  titanium  is  being  added  also  to  Open-Hearth  steel,  but  no 
information  has  been  sent  to  the  reporter. 
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NEW   YORK   CENTRAL  &   HUDSON    RIVER   RAILROAD— ELEC- 
TRIC DIVISION. 

Sections  showing  wear  on  Dudley  6-in.   ioo-llj.  rail. 
F.  Boardman,  A.  C.  Sherman, 

Division  Engineer.  Assistant  Engineer. 

Meaning  of  abbreviations   used   in   figures : 

A,  B,  C,  etc.,  denote  position  of  rails  in  ingot  from  top. 

F.T.  means  Ferro-Titanium. 

L.S.  means  Lackawanna  Steel  Company. 

M'.T.  means  Million  tons  of  Traffic. 

OH.  means  Open-Hearth. 

E.  means  East. 

W.   means  West. 
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BALLAST  TAMPERS  FOR  RAILWAY  TIES. 

By  Geo.  W.  Yaughan, 
Engineer    Maintenance   of    Way,    New   York    Central    Railroad,    East   of 

Buffalo. 

It  has  been  found  essential,  in  tamping  ballast  under  railway  ties, 
that  the  ballast  should  be  tamped  solidly  under  the  ties  at  each  end  along 
the  central  line,  as  well  as  from  that  line  laterally  toward  each  of  the 
edges.  Heretofore  this  work  has  been  practically  performed  entirely 
without  the  aid  of  mechanical  appliances,  other  than  the  usual  tamping 
implements.  These  implements  consisted  of  a  pick  having  one  end  prop- 
erly formed  to  tamp  the  ballast,  and  a  shovel  with  which  the  ballast  wa- 
first  cleared  away  at  the  sides  of  the  tie  and  subsequently  shoveled  back- 
in  small  quantities  as  the  tamping  operation  proceeded.  This  method, 
which  is  practically  in  universal  use,  is  slow  and  requires  the  employment 
of  a  large  number  of  men  to  straighten  up  a  comparatively  short  stretch 
of  track. 

While  numerous  efforts  have  been  made  to  provide  mechanical  ap- 
pliances for  assisting  in  the  operation  of  tamping  the  ballast  beneath  the 
ties,  up  to  the  present  time  nothing  has  appeared  which  was  found  ac- 
ceptable to  the  Engineers  or  workmen  employed  by  them.  The  work  per- 
formed by  the  apparatus  was  either  defective  in  that  it  did  not  form  a 
solid  foundation  at  the  center  of  the  tie,  or  else  the  labor  handling  the 
apparatus  was  so  great  as  to  preclude  its  use  by  the  workmen  ordinarily 
available  for  such  work.  For  example,  it  has  been  proposed  to  make  use 
of  power-driven  rammers.  With  this  type  of  apparatus  the  tamping  bar 
or  tool  which  is  brought  into  contact  with  the  ballast  is  reciprocated,  and 
its  successive  strokes  permit  the  ballast  to  fall  down  in  front  of  it  so  that 
it  has  been  found  practically  impossible  to  effectually  tamp  the  ballast  at 
the  center  portion  of  the  tie.  Furthermore,  such  apparatus  when  designed 
to  be  held  manually,  has  had  to  be  supported  entirely  by  the  workmen 
during  the  entire  tamping  operation,  for  none  of  the  weight  could  be 
allowed  to  rest  on  the  reciprocating  tool,  because  this  would  immediately 
result  in  a  reciprocation  of  the  body  of  the  implement,  while  the  tool  Mi- 
liar remained  stationary,  much  to  the  discomfort  of  the  workmen. 

Owing  to  this  and  to  the  fact  that  such  apparatus  was  necessarily 
heavy  and  cumbersome,  it  has  been  proposed  to  mount  the  same  on 
mechanical  supports.  An  apparatus  of  this  character,  attached  to  the  track 
or  to  a  truck  adapted  to  run  on  the  track,  is  obviously  a  failure,  because 
of  the  difficulty  in  setting  the  implement  laterally  or  along  the  tie  and  at 
the  proper  angle  necessary  for  it  to  assume  in  effecting  the  proper  tamp- 
ing of  ballast.  Such  apparatus,  furthermore,  will  interfere  with  the  prog- 
ress of  trains,  it  being  well-understood  that  any  apparatus  employed  must 
be  of  such  character  that  the  workmen  may  instantly  remove  it  from  the 
track  when  a  train  is  approaching. 
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Previous  to  iyi.3,  the  only  practical  machine  of  this  character  was 
invented  and  patented  by  Albert  Collet,  Paris.  This  tamping  outfit,  as 
shown  on  Plate  i,  is  composed  of  a  gasoline  motor  of  23,  35  or  45  H.P.. 
depending  upon  the  amount  of  power,  directly  connected  with  dynamo  D 
of  corresponding  power,  and  which  gives  a  continuous  current  at  240 
volts.  This  is  equipped  with  two  tanks,  one  for  gasoline  and  the  other 
for  water,  ensuring  a  working  capacity  of  ten  days  without  recharging. 
The  characteristic  feature  of  this  apparatus  is  the  mode  of  transverse 
motion,  of  which  two  phases  can  be  seen  in  Figs.  2  and  3.  The  action 
of  the  crank  enables  one  man  to  make  the  whole  system  rest  alternately 
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on  the  big  or  little  wheels,  these  latter  being  able  to  turn  through  an  angle 
of  90  degrees  on  their  axis.  It  is,  therefore,  easy  for  the  apparatus  stand- 
ing on  the  road  to  leave  it  by  means  of  two  short  lengths  of  rail  placed 
perpendicularly  to  the  line  under  the  small  wheels,  freed  and  turned,  as 
has  been  stated.  The  contrary  operation,  to  put  it  on  the  road,  is  done 
in  the  same  way.  This  operation  takes  five  minutes.  Large  wheels  and 
the  shafts  are  for  use  on  macadam  roads.  This  same  apparatus  is  made 
with  steam  motive  power  (Fig.  4).  The  weight  of  the  35  LLP.  outfit  is 
445  tons. 

To  convey  along  the  road  the  electric  current  produced  by  the  outfit 
above  described,  an  electric  line  is  provided  of  ladder  insulated  supports, 
as   shown  on   Plate  2.     These   require   160  ft.  of   line,  composed  of  two 
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high-conductivity  copper  wires  of  sfe-in.  diameter.  The  tension  of  this 
line  is  governed  by  the  reel  R,  Fig.  2.  Two  trained  men  in  a  day  will 
install  25  of  these  supports,  i.  e.,  4,100  ft.  of  line.  The  perfect  insulation 
is  obtained  by  insulating  loops.  The  current  passes  the  ladder  insulated 
supports  to  cable  C.  The  leg  is  sliding  so  as  to  enable  the  apparatus  to 
be  put  even  against  a  wall.  The  setting  up  of  the  ladder  insulating  sup- 
ports has  never  met  with  any  practical  difficulty,  either  on  embankments, 
in  tunnels  or  on  viaducts.  Its  dimensions  are  such  that  it  can  even  be  set 
up  in  6  ft.  It  can  be  used  to  support  the  electric  lamps  to  light  the  work. 
The  drum,  T,  is  for  storing  the  double  line  when  not  in  use.  The  weight 
of  one  insulated  support  is  116  lbs.  The  weight  of  the  drum,  T,  with  165 
ft.  of  double  line,  is  75  lbs. 
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The  current  brought  by  the  double  line,  L,  F"ig.  2.  as  shown  on  Plato 
3,  is  collected  by  the  trolley,  T.  The  cable,  F,  takes  it  to  the  special 
switch,  I,  leading  to  the  motor,  by  means  of  a  horizontal  shaft.  A.  The 
motor  is  set  on  a  frame,  C,  which  carries  a  step-bearing  to  receive  the 
supporting  pivot,  P.  of  the  rail  truck.  The  rail  truck  is  formed  of  two 
articulated  pairs  oi  ball-bearing  wheels  at  the  gage  of  the  line,  ft  is  used 
for  moving  the  apparatus  on  the  rail  during  the  work.  This  arrangement 
allows  the  apparatus  to  be  instantly  taken  to  pieces  on  the  line.  The 
motor   is  raised  by  means  of  the  arms,  P.,  and   set    down   on  the  side  and 
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the  rail  truck  lifted  off  separately,  the  road  being  freed  from  the  whole 
plant  in  one  minute.  The  power  of  the  motor  is  5  H.P.,  the  weight  of 
the  motor  is  300  lbs.,  and  the  weight  of  the  rail  truck  is  200  lbs. 

The  packer,  as  shown  on  Plate  4,  is  mounted  on  a  rail  truck,  and 
driven  by  current  from  the  dynamo,  which  has  been  previously  described, 
to  which  has  been  added  speed-reducing  gear,  R,  Fig.  2.  This  apparatus 
enables  the  rapid  packing  in  depth  of  ballast  of  whatever  kind.  The  in- 
clination of  the  packer  facilitates  the  work,  as  the  packing,  which  is 
effected  first,  at  the  base  of  the  bottom  of  the  ballast,  is  transmitted  up- 
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ward  as  far  as  the  lower  surface  of  the  tie.  There  results  from  this 
absolute  uniformity  in  the  foundation  of  the  road.  At  the  hammer,  F, 
the  work  per  minute  corresponds  to  that  of  400  blows  produced  by  the 
release  of  a  spring  of  440  lbs.  enclosed  in  the  head,  C. 

The  mechanical  packing  allows  the  movement  of  trains  at  full  speed 
to  be  resumed  immediately,  thus  obviating  the  necessity  for  slow  orders 
and  the  resulting  delays.  It  allows  of  considerable  economies  to  be  real- 
ized in  the  maintenance  and  the  wear  of  material.  In  the  case  of  metallic 
ties,  it  enables  the  workmen  to  quickly  fill  up  the  hollow  of  the  ties  and 
to  insure  immediately  a  perfect  packing.  The  work,  generally  done  by 
2  sets  of  4  packers  each,  is  from  60  to  100  ties  per  hour,  according  to  the 
thickness    and    kind    of    ballast.      To    rack    kind    of    ballast    corresponds    a 
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type  of  packer  easily  interchangeable.  The  power  used  by  the  apparatus 
is  lYz  H.P. ;  the  weight  of  the  apparatus  alone  is  121  lbs.,  and  the  total 
weight  of  the  motor  and  frame  is  514  lbs. 

A  test  of  these  machines  was  made  by  M.  Muntz,  formerly  Chief 
Engineer  of  the  French  Eastern  Railway  Company.  The  track  chosen 
for  the  test  was  the  line  from  Paris  to  Rheims,  and  the  work  consisted 
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of  two  parts,  one  the  repairing  of  4.58  miles  of  track;  the  other  a  section 
of  4.9  miles  where  the  track  was  repaired  and  ballast  renewed.  The  old 
track  had  been  laid  with  66-lb.  rail,  8M  (26  ft.  3  in.)  long,  with  11  ties 
to  the  rail.  This  rail  was  replaced  with  97-lb.,  18M  (59  ft.  0.5  in.)  long, 
with  25  ties  to  the  rail.  The  agreement  with  M.  Collet  and  the  company 
provided  that  he  furnish  five  sets  of  machines  for  tamping,  and  one  elec- 
tric power   machine. 
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PLAN  OF  THE  WOKK. 

In  order  that  the  work  might  be  as  uniform  as  possible,  from  day  to 
day,  a  definite  organization  was  developed,  which  was  divided  into  two 
parts,  one  dealing  with  the  repair  of  the  track  and  the  other  with  track 
repair  and  ballast  renewals. 

TRACK  REPAIR. 

The  workmen  were  divided  in  two  groups,  the  first,  45-50  men  and 
two  foremen,  charged  with  relaying  rail,  taking  out  screw  spikes  and 
strengthening  track  for  train  passage ;  the  other  with  23-29  men,  with  one 
foreman,   operated   the   tamping   machines,   either   8  or    12   machines,   and 

PLATE  4. 
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finished  the  surfacing  of  track.  The  plan  provided  that  each  group  finish 
the  same  amount  of  work  each  day,  and  to  that  end  the  two  groups 
worked  on  the  track  distant  from  one  another  to  the  extent  of  a  day's 
work. 

UKl'AIK    OF    TKACK     AM)    liAI.l.AST. 

The  workmen  were  grouped  as  in  the  first  case,  but  a  separate  lot 
of  men  unloaded  ballast.  In  order  to  facilitate  the  work,  three  divisions 
were  established;  in  the  first,  the  track  was  exposed,  ballast  removed^ 
etc.;  in  the  second,  ballast  was  unloaded;  in  the  third,  the  ballast  was 
tamped   with  the  machines  and  the  track  surfaced.     The  distance  separat- 
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ing  the  groups  of  men  was  about  twice  the  length  of  track  finished  each 
day.  In  addition  to  the  men  enumerated,  there  were  14  men  assigned  to 
operate  the  motors,  set  up  the  trolley  line,  etc.  Six  additional  men  were 
necessary  to  place  guard  rails,  gage  rods,  etc.,  this  to  make  the  track  safe 
as  quickly  as  possible,  owing  to  the  large  number  of  trains  passing. 

PROGRESS   OF   THE   WORK. 

The  work  at  first  was  very  slow,  owing  to  the  newness  of  the  ma- 
chines, the  unfamiliarity  of  the  men  with  their  operation  and  the  train- 
ing of  the  various  groups  to  rapid  work.  In  addition  to  these  difficulties, 
bad  weather  interfered  considerably.  Then  also  frequent  repairs  were 
necessary  to  the  power  machine.  The  work  may  be  considered  in  two 
parts :  The  first,  while  it  was  being  organized  and  the  men  becoming 
familiar  with  the  operations,  this  including  work  on  4  K  400  M  (2.73 
miles),  at  the  rate  of  243  meters  a  day  (797  ft.)  ;  the  second,  where  faster 
work  was  done,  361  meters  (1,185  II)  Per  day,  or  a  total  of  3  K  250 
meters  (2.02  miles).  The  last  rate  could  have  been  maintained  and  cer- 
tainly would  have  been  exceeded  if  there  had  not  been  such  frequent  in- 
terruptions due  to  the  breaking  down  of  the  power  machine,  and  particu- 
larly the  tamping  groups. 

RESULTS   OF  THE  TESTS   WITH    THE   COLLET    MACHINES. 

In  these  tests  the  round  tamping  bars,  having  a  diameter  of  .12  meters 
(4.72  in.),  were  tried  in  comparison  with  bars  having  rectangular  face  of 
the  same  area.  The  latter  were  found  to  be  preferable  for  sawed  ties, 
but  not  as  good  in  tamping  of  joint  tics.     The  experiment  showed  that  it 
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Diagram  A. 


was  not  necessary  to  tamp  joint  ties  separately:  in  other  words,  it 
was  found  that  it  was  sufficient  to  arrange  the  tamping  machines  1  see 
diagrams)  in  such  a  manner  as  to  tamp  the  ballast  so  as  to  form  a  cushion 
under  the  two- joint  ties  (see  Diagram  A). 

The  angle  to  which  the  tools  were  laid  seemed  to  be  a  little  too 
nearly  vertical.  If  one  were  to  assume  on  a  cross-section  of  track  two 
tamping  bars  at  the  extreme  position  which  they  could  occupy,  one  would 
find  that  their  extended  prolonged  axes  would  join  at  a  point  7.87  in. 
below  the  lowest  face  of  the  tie,  as  shown  in  Diagram  B. 

This  might  give  considerable  trouble  if  the  layer  of  ballast  were  thin, 
or  the  sub-ballast  of  poor  character,  because  it  might  permit  the  ballast 
to  penetrate  into  the  sub-ballast.  In  any  event,  the  best  results  are  not 
produced  in  the  layer  of  ballast  immediately  in  contact  with  the  ties.  At 
M.  Muntz's  request.  M.  C<  diet  modified  the  tamping  machines  by  inclining 
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the  face  of  the  tool,  which  strikes  the  ballast,  so  as  to  give  a  mure  hori- 
zontal impact.  This  seemed  to  give  good  results  The  length  of  time 
necessary  for  tamping  a  tie  increases  with  the  thickness  of  the  layer  of 
the  ballast  to  be  tamped.  With  the  Paris  "to  Mary,"  which  has  been  in 
use  for  a  year,  it  was  found  necessary  to  tamp  one  tie  one  minute,  using 
four  machines.  For  repairing  of  track  and  the  ballast  this  time  was  ex- 
tended to  two  and  three  minutes,  per  tie,  depending  on  whether  the  work 
was  done  on  old  track  or  on  a  track  laid  at  a  definite  level.  The  density 
of  the  ballast  as  obtained  with  these  machines,  and  above  all,  the  uni- 
formity of  the  tamping,  were  observed  during  the  entire  time  of  the  re- 
pair work  by  means  of  stakes  set  at  various  points  along  the  track.  The 
proper  level  was  maintained  either  by  means  of  rods  placed  on  the  two 
rails,  or  by  means  of  a  level  having  a  flexible  tube,  which  was  placed  at 
their  disposal  by  M.  Collet. 

The  conclusions  drawn  from  many  accurate  measurements  during 
these  tests  were  as  follows : 

(i)     The  mechanical  tamping  does  not  raise  the  track. 

(2)  The  average  settling  of  the  track  was  as  follows : 

After  the  first  train Nothing 

After     50  trains  (.08  in.  to  .12  in.) 2  to  3  millimeters 

After  150  trains  (.2     in.  to  .24  in.) 5  to  6  millimeters 

After   more  than  this  number  of  trains  had  passed  over  the  track,  the 
settling  appeared  to  have  stopped. 

(3)  No  appreciable  difference  was  noted  as  regards  the  settling  of 
the  track  between  settling  at  the  joints  and  in  the  middle  of  the  rail. 

(4)  The  settling  of  the  track  which  was  tamped  by  hand  was  not 
uniform,  and  the  minimum  noted  was  12  millimeters  (0.47  in.)  after  50 
trains  had  passed. 


Diagram  B. 


From  the  very  beginning  of  the  repair  work,  it  was  found  that  the 
amount  of  ballast  put  at  their  disposal  was  entirely  insufficient  to  keep 
the  two  gangs  of  men  busy.  M.  Collet  furnished  12  tamping  machines ; 
four,  however,  were  used  only  occasionally.  All  of  the  machines  worked 
without  serious  difficulty,  and  at  no  time  were  the  difficulties  encountered 
such  as  to  stop  the  work  for  any  length  of  time,  although  the  tamping  ma- 
chines were  frequently  repaired.  A  number  of  the  opposing  springs,  com- 
pressed by  the  rotation  of  the  cogs,  had  to  be  replaced,  but  this,  however, 
only  took  a  few  minutes  in  each  case.  There  were  also  now  and  then 
breaks  in  the  transmission  line. 
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MOTOR  CARS. 

The  motor  car,  having  a  nominal  capacity  of  25  H.P.,  gave  an  aver- 
age of  18  to  20  H.P.,  that  is,  it  kept  going  as  many  pieces  of  machinery 
as  were  used.  It  might  be  said  that  this  also  included  the  machines  for 
driving  screw  spikes.  The  following  energies  were  required:  7^  H.P. 
for  a  pair  of  screw-spike  driving  machines,  equivalent  to  15  H.P.,  tf/2 
H.P.  for  a  group  of  four  tamping  machines,  equivalent  to  9  H.P.  for  8 
or  I3]4  H.P.  for  12  machines,  making  a  total  of  24  or  285^  H.P.  for  both 
the  screw-spike  driving  machines  and  the  tamping  machines,  depending 
on  whether  8  or  12  machines  were  used,  while  the  screw-spike  driving 
machines  were  working.  This  is  a  general  estimate,  but  it  means  consid- 
erable additional  strain  on  the  motor,  when  operated  under  the  above 
conditions.  Nothing  has  been  taken  into  account  to  provide  for  losses 
from  the  daily  wear  itself,  which  may  attain  0.5  to  0.6  H.P.  per  hecto- 
meter  (328  ft.). 

If  we  consider  the  work  of  the  tamping  machines  alone,  we  find  that 
it  requires  I3JA  plus  5,  that  is  18H  H.P.,  which  is  greater  than  the  effect- 
ive power  on  the  motor  under  ordinary  circumstances.  Taking  into  con- 
sideration then  all  the  various  failures,  breakages  of  tubes,  in  a  word, 
all  of  the  difficulties  encountered  in  operating  the  machine,  it  was  found 
that  the  motor  required  two  entire  stoppages  and  eventually  the  premature 
withdrawal  of  the  tamping  machines. 

TRANSMISSION    LINE. 

There  was  nothing  particularly  to  be  noted  about  the  transmission 
line.  No  accidents  occurred  in  connection  therewith.  The  setting  up  of 
the  posts  was  rapid.  The  only  inconvenience  was  that  the  line  was  too 
short,  requiring  the  taking  down  at  one  end  and  setting  up  at  the  other. 
This  probably  was  also  due  largely  to  the  overloading  of  the  motor.  It 
required  10  men  to  move  the  motor,  which  took  30  minutes ;  this  means 
putting  the  motor  on  the  track,  moving  it  one  kilometer  (.62  miles), 
setting  it  off  the  track  and  starting  it  going.  In  this  respect  the  machine 
was  well  constructed,  and  all  the  parts  were  built  so  as  to  simplify  the 
moving  operation  as  far  as  possible. 

COST  OF   APPARATUS. 

The  cost  of  this  apparatus  was  as  follows : 

Packers  complete  with  motor  and  truck $2,000.00 

35  H.P.  gasoline  motor,  dynamo  and  car 4,500.00 

20  pole    power    line 1,300.00 

Total     $7,800.00 

COST   OF  OPERATION. 

The  cost  of  the  labor,  including  the  placing  of  the  apparatus  for  the 
different  stages  of  the  work,  was  as  follows : 

Repair  of  the  track,  starting  period,  2.04  francs  (41  cents)  per  meter 
($0,125  per  ft.);  normal  period,  i.qi  francs  (38  cents)  per  meter  ($0.1 17 
per  ft.),  that  is,  an  average  of  1.07  francs  (30  cents)  per  meter  ($0.12 
per  ft). 
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Comparing  this  with  the  cost  of  doing  the  same  work  by  hand  during 
the  preceding  year,  which  was  for  the  line  Paris  to  Rheims :  1.80  francs 
per  meter  (36  cents),  or  $0.11  per  ft.,  and  for  the  line  Paris  to  Strasburg, 
1.88  francs  per  meter   (38  cents),  or  $0,115  per  ft. 

Repair  of  the  track  and  ballast  with  mechanical  apparatus,  2.83  francs 
(57  cents),  or  $0,173  Per  ft-.  a"d  by  hand,  2.60  francs  (52  cents),  or  $0,159 
per  ft.  This  last  price  is  not  absolutely  certain,  because  the  work  from 
which  these  figures  were  taken  was  not  completed.  On  the  whole  the  use 
of  the  Collet  mechanical  tools  is  an  additional  expense  of  about  370 
($74.00)  to  230  ($40.00)  francs  per  kilometer  of  track,  $119.40  to  $74.20 
per  mile.  This  is  insignificant  if  one  remembers  that  the  first  cost  of  a 
kilometer  of  new  track  is  from  18,000  francs  ($3,600.00)  to  20,000  francs 
($4,000.00),  ($5,800  to  $6,450  per  mile)  a  deduction  being  made  for  the 
value  of  the  material  not  used. 

Even  if  a  direct  economy  is  not  realized  by  using  the  Collet  ma- 
chines in  track  work,  it  does  not  prove  that  with  the  improvements  that 
may  be  made  in  these  machines,  it  will  be  impossible  to  lower  the  net  cost 
of  operation.  However  this  may  be,  there  are  a  number  of  advantages 
from  a  technical  standpoint  that  would  appear  to  more  than  compensate 
the  additional  expense.  There  is  certainly  a  greater  security  and  a  more 
finished  piece  of  work  obtained  with  the  mechanical  tool  and  a  greater 
guarantee  against  subsequent  deformation,  which  would  have  to  be  cor- 
rected by  subsequent  maintenance. 

The  work  can  be  organized  in  a  very  regular  manner.  Thus  in  re- 
newals they  worked  every  day  without  exceptions.  Looking  back  to  for- 
mer renewals,  it  was  found  that  in  the  preceding  years,  on  the  line,  Stras- 
burg to  Paris,  there  were  renewed  15  kilometers  475  meters,  or  9.6  miles 
of  track,  in  76  days,  of  which  53  days  were  occupied  by  taking  up  and 
replacing  rail,  and  in  normal  repairs.  Final  surfacing  and  tamping  was 
not  attempted  until  after  a  certain  number  of  trains  had  passed  over  the 
track,  after  the  same  had  been  repaired  and  tamped  temporarily.  This 
means  that  they  had  to  keep  working  on  the  track  for  several  days,  gen- 
erally three.  The  mechanical  tamping  brings  about  a  permanent  settling 
of  the  track  in  a  few  minutes,  which  ordinarily  would  be  obtained  only 
after  many  trains  had  passed  over  the  track.  This  means  that  with  the 
mechanical  tamping,  slow-speed  signals  can  be  removed  in  less  than  24 
hours  after  the  complete  renewal  of  the  track.  The  total  length  of  track 
over  which  trains  must  reduce  speed  is  reduced  to  a  minimum.  In  re- 
newal work  of  36  meters  (1,182  ft.)  this  length  can  be  represented  by  the 
following  scheme  as  shown  in  Diagram  C. 

Repair  work  done  by  hand  would  require  a  zone  of  reduced  speed  of 
700  additional  meters   (2,300  ft.). 

Speaking  of  the  character  of  the  work  done  with  the  machine,  a  very 
few  days  suffice  to  so  train  the  men  that  the  same  degree  of  proficiency 
was  obtained  from  one  end  of  the  track  to  the  other.  Where  the  work 
was  well  directed,  the  same  tools  used,  and  where  in  particular  the  ballast 
was  evenly  distributed  while  the  men  were  at  work,  the  best  results  were 
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obtained  The  good  results  of  mechanical  tamping,  are  not  only  found 
in  the  early  permanency  given  to  the  track,  hut  especially  to  the  regularity 
of  the  settling,  which  takes  place  later  on. 

DESIRABLE  IMPROVEMENTS. 

The  tests  which  were  made  show,  without  a  doubt,  that  in  order  to 
renew  track,  such  as  they  did,  with  daily  length  of  350  to  450  meters 
(1,150  to  1,478  ft.),  this  meaning  a  complete  renewal  of  the  track  to  put 
it  in  first-class  condition,  it  is  necessary  to  have  a  motor  machine  capable 
of  furnishing  40  or  50  H.P.,  and  to  have  effectively  working  at  the  same 
time  three  or  four  groups  of  tamping  machines.  The  machine  used  was 
25  H.P.,  and  would  be  sufficient  if  the  laying  of  the  track  be  done  with- 
out consecutive  tamping,  or  if  ballasting  alone  be  done,  but  not  more 
than  8  tamping  machines   should  be  used. 


^ 
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Diagram  C. 

The  agreement  with  M.  Collet  provided  for  certain  spare  machines, 
and  separate  parts  for  the  machines.  These  were  not  enough.  When 
workmen  start  to  repair  trjick  with  these  machines,  they  should  be  sure 
that  a  sufficient  number  of  extra  machines  are  on  hand,  so  that  the  break- 
ing down  of  one  machine  in  a  group  (especially  the  tamping  machine) 
will  not  render  the  whole  group  ineffective.  During  the  course  of  these 
tests,  M.  Collet  found  it  would  be  necessary  to  make  modifications  and. 
since  the  tests  were  made,  he  has  made  notable  changes  in  the  tamping 
machines. 

CONCLUSIONS. 

(1)  That  the  mechanical  tamping  machine  does  not  raise  the  track, 
but  gives  it  a  base  which  is  ordinarily  obtained  after  the  passage  of  a  very 
large  number  of  trains  only. 

(2)  That,  without  increase  in  expense,  the  length  of  time  necessary 
for  making  repairs  can  be  diminished  by  a  third. 

(3)  That  the  length  of  slow-speed  track  can  be  very  appreciably  re- 
duced and  normal  track  restored  in  less  than  24  hours. 

The  construction  of  the  above  machines  is  such  that  they  are  ballast 
packers  instead  of  tampers,  in  that  they  compress  the  ballast  up  against 
the  tie,  instead  of  tamping  it  under  the  tie  as  is  done  ordinarily  by  manual 
labor.     Owing  to  the  tendency  to  drive  the  ballast  down  into  the  subgrade 
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and  the  wide  spacing  of  the  ties  necessary  for  the  practical  operation  of 
this  machine,  it  does  hot  seem  practical  oi  suitable  for  work  on  American 
railways,  where  the  ties  are  spaced  close  together. 

Another  bad  feature  is  that  owing  to  its  construction,  the  tampers 
and  motor  being  mounted  on  a  supporting  pivot  attached  to  the  truck, 
the  ballast  tamper  is  forced  to  work  and  compress  the  ballast  at  an  angle 
to  the  axis  of  the  tie.  For  this  reason,  its  position  is  confined  and  it 
necessarily  can  work  efficiently  in  one  position  only,  namely,  at  right 
angles  to  the  tie,  as  it  necessarily  has  to  work  at  an  angle  in  all  other 
positions. 

A  tie  tamper  has  been  designed  with  the  object  in  view  of  overcom- 
ing defects  which  prior  apparatus  has  developed,  and  providing  a  tamper 
which  may  be  handled  readily  by  an  ordinary  workman,  the  operation  of 
which  will  be  more  efficient  and  rapid  than  the  ordinary  hand-tamping 
process,  where  a  single  workman  may  effectually  tamp  the  ballast  under  a 
greater  number  of  ties  than  ever  before.  This  tamper  embodies  in  its 
construction  a  body  portion  or  housing  which,  although  made  as  light  as 
possible,  necessarily  is  of  some  considerable  weight,  and  in  which  there  is  a 
reciprocatory  impact  or  percussion  member  adapted  to  be  reciprocated 
and  momentum  imparted  thereto  for  delivering  effective  blows  at  a  high 
rate  of  speed,  for  example,  by  pneumatic  pressure,  or  by  electricity. 

The  lower  end  of  the  casing  or  housing  is  adapted  for  holding  a 
projecting  tamping  bar  in  such  wise  that  its  end  within  the  casing  will 
be  in  a  position  to  receive  the  blows  of  the  impact  or  percussion  member. 
The  connection  with  the  casing  is  preferably  such  that  the  movement  of 
the  bar  in  the  casing  is  limited.  Therefore,  the  weight  of  the  casing 
may  be  allowed  to  rest  on  the  tool  or  bar  during  the  tamping  operation, 
although  the  bar  is  permitted  a  limited  outward  movement  with  relation 
to  the  casing,  so  as  to  obtain  the  full  advantage  of  the  energy  transmitted 
through  the  same  to  the  ballast.  The  tamping  bar  is  preferably  curved 
somewhat,  so  as  to  drive  the  ballast  directly  under  the  bottom  of  the  tie, 
and  is  held  against  rotation,  in  the  casing,  so  that  by  the  manipulation  of 
the  casing  the  position  of  the  extremity  of  the  bar  may  be  accurately  lo- 
cated. The  bar  itself  is  made  relatively  short  in  order  that  the  weight 
of  the  casing  and  impact  member  may  be  brought  down  as  close  to  the 
ground  or  tamping  end  of  the  bar  as  possible. 

To  enable  workmen  to  properly  position  and  handle  the  implement  or 
tamper,  the  casing  is  provided  at  its  end  opposite  the  tamping  bar  with  a 
stock  or  axial  prolongation,  the  upper  extremity  of  which  is  adapted  to 
form  or  has  applied  thereto  a  handle  for  one  hand  of  the  workman  to 
grasp ;  and  at  a  point  in  proximity  of  the  casing  the  stock  is  provided 
with  a  second  handle  located  in  such  relation  thereto  and  to  the  center 
of  gravity  of  the  implement  that  when  the  implement  is  suspended  from 
the  second  handle,  it  will  assume  approximately  the  angle  which  is  proper 
for  it  to  assume  in  the  major  portion  of  the  tamping  operation.  The 
two  handles  being  thus  located  above  the  center  of  gravity  or  above  the 
heaviest  portion  of  the  tool,  permits  the  tool  to  be  more  readily  handled 
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and  manipulated,  and  for  thi6  reason  the  loa*!  to  be  supports]  b\  the 
workman  is  less  *han  wOtlld  be  the  ra^p  if  thp  wpight  were  near  trip  npppr 
end. 

Plate  5  shows  such  a  ballast  tamper  operated  by  pneumatic  pressure; 
Plates  6  and  6-A  show  a  form  of  tamper  operated  by  electricity.  The 
pneumatic  tamper  here  shown,  including  the  bar,  weighs  yj  lbs.,  and  con- 

PLATE  5. 


sumes  approximately  19  cu.  ft.  of  free  air  per  minute  at  a  pressure  of  70 
lbs.  The  electric  tamper  here  shown,  including  the  bar,  weighs  ap- 
proximately 90  lbs.,  and  consumes  3.5  amperes  at  220  volts,  or  .77  kilo- 
watt, and  delivers  from  1,000  to  1,200  blows  per  minute. 

Plate  7  shows  a  car,  upon  which  is  mounted  a  12  H.P.  gasoline  en- 
gine directly  coupled  to  an  air  compressor,  with  a  capacity  of  45  cu.  ft. 
of  free  air  per  minute  at  So  lbs.  pressure,  also  a  gasoline  tank,  with  a  ca- 
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pacity  of  j6  gallons,  and  a  water-cooling  radiator,  with  a  housing  to  pro- 
tect the  machinery.  The.  compressor  is  fitted  with  an  automatic  discharge 
unloader,  which  maintains  a  constant  pressure  without  interrupting  the 
continuous  operation  of  the  engine,  and  a  receiver  of  adequate  size  is 
mounted    under    the   car    dock.      This    outfit    complete    weighs,    when    the 

PLATE  6. 


radiator  and  tank  are  empty,  2,180  lbs.,  and  with  the  radiator  and  gaso- 
line tank  filled  and  with  hose  and  tampers,  2,495  hbs.  It  easily  furnishes 
sufficient  air  for  the  operation  of  two  tampers  through  several  hundred 
feet  of   >:j-in.  hose. 
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Plates  8  and  8-A  show  a  car  upon  which  is  mounted  a  2-kilowatt 
dynamo  directly  coupled  to  a  4-H.P.  gasoline  engine  which  furnishes 
easily  sufficient  electric  power  for  the  operation  of  two  electric  tampers. 
Such  a  generating  unit  weighs  about  680  lbs.  A  car  with  this  unit 
mounted    thereon,    including   the   gasoline   reservoir,    water    radiator   and 

PLATE  6-A. 


switchboard,  weighs  about  1,900  lbs.  This  weight  can,  however,  be  con- 
siderably  reduced. 

Plates  9  and  10  show  the  pneumatic  tampers  and  Plate  11  the  electric 
tamper  in  actual  operation. 

A  test  of  the  automatic  tampers  was  made  on  the  New  York  Central 
&  Hudson    River   Railroad   during  the  years    1913   and    1914.     The  track 
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chosen  for  the  first  test  was  where  new  rail  had  been  installed,  and  ties 
were  being  spaced,  and  the  track  ballasted,  the  track  being  lifted  from  2 
to  4  in.  In  the  second  test  the  track  was  lifted  3  in.  The  third  test  con- 
sisted of  spacing  ties  under  new  rail,  raising  track  on  stone,  and  doing 
the  work  with  a  regular  section  gang.  The  fourth  test  consisted  of  regu- 
lar section  work,  spacing  ties,  surfacing  and  dressing  track,  etc.,  the  work 
being  done  by  the  regular  section  gang.  The  fifth  test  consisted  of  final 
surfacing  with  a  regular  main-line  gang,  using  the  electric  tamping  outfit, 
after  the  track  had  been  raised  12  in.  on  stone  by  a  special  gang. 

The  first  test  of  tamping  ties  was  made  with  one  unit,  which  con- 
sisted of  one  machine  and  two  tampers,  the  machine  and  tampers  being 
operated  in  connection  with  the  regular  gang  of  laborers  placing  ballast, 
hand  tamping,  etc.     In  the  second  test  the  tampers  were  assigned  to  an 

PLATE  7. 


extra  rail  gang,  in  the  third  test  to  a  regular  gang  on  the  main  line,  in 
the  fourth  test  to  an  ordinary  section  gang  consisting  of  five  men  on  a 
double-track  section  equivalent  mileage  n  miles,  in  the  fifth  test  to  a 
regular  gang  on  main  line  with  the  electric  tamping  outfit. 

PROGRESS  OF   THE   WORK. 

The  work  at  first  was  very  slow,  owing  to  the  newness  of  the  ma- 
chines, the  unfamiliarity  of  the  men  with  their  operation,  and  the  train- 
ing of  the  men  to  rapid  work.  It  was  found  necessary  at  first  to  change 
the  men  off  and  put  new  men  on  every  2^  hours,  although  it  has  since 
been  found  unnecessary  to  make  such  changes  after  the  men  became  ex- 
pert in  the  use  of  the  tampers. 
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RESULTS   OF   THE  TESTS. 

Considerable  trouble  was  experienced  during  these  tests  owing  to  break- 
ages of  various  parts  of  the  machine,  such  as  tamping  bars,  end  caps  of 
the  tampers,  bushings,  handle  bars,  handles,  and  various  parts  of  the  com- 
pressor outfit.  These  breakages,  while  not  serious,  caused  considerable 
annoyance  and  delay.    All  of  these  breakages  have  been  reduced  to  a  mini- 

PLATE  8. 


nuun  and  very  little  trouble  should  be  experienced  with  such  breakages 
from  now  on.  The  angle  at  which  the  bars  were  bent  enabled  the  ma- 
chine to  be  held  in  such  a  position  that  the  ballast  could  be  driven  directly 
under  the  bottom  of  the  tie,  which,  when  the  layer  of  ballast  is  thin, 
avoids  forcing  the  ballast  into  the  sub-ballast.    The  length  of  time  neces- 
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sary  for  tamping  a  tie  increases  with  the  thickness  of  the  layer  of  the 
ballast  to  be  tamped.  With  a  lift  of  from  2  to  4  in.,  by  using  two  ma- 
chines, we  find  ordinarily  it  requires  two  minutes  to  tamp  a  tie.  The 
density  of  the  ballast  as  obtained  with  these  machines  and  the  uniformity 
of  the  tamping  was  observed  during  the  entire  time  of  the  various  tests. 

The  conclusions  drawn  from  observation  during  these  tests  were  as 
follows : 

(1)  The  mechanical  tamper  can  raise  the  track. 

(2)  There  is  less  settling  of  the  track  observed  when  tamped  by 
machine  than  when  tamped  by  hand. 

(3)  The  settling  of  the  track  is  more  uniform. 

(4)  The  machine-tamped  track  is  more  permanent. 

The  pneumatic  tampers  worked  without  any  serious  difficulty,  and  at 
no  time  were  difficulties  encountered  such  as  to  stop  the  work  for  any 
length  of  time.  The  only  difficulty  experienced  was,  as  stated  above,  in 
the  breakage  of  the  various  parts  of  the  compressor  outfit  and  tamping 
bars. 

PLATE  8-A. 


COMPRESSOR   CAR. 

The  compressor,  which  is  nominally  a  12-H.P.  machine  mounted  on 
the  car,  furnished  all  of  the  air  required  to  satisfactorily  operate  two 
tampers.  These  tampers  seemed  to  do  as  efficient  work  at  the  end  of 
600  ft.  of  hose  as  at  the  end  of  a  50- ft.  length  of  hose.  On  account  of 
more  or  less  cuts  and  narrow  fills,  however,  where  such  machines  will  be 
used,  it  is  possible  that  one  would  have  to  use  an  auxiliary  line  of  iron 
pipe  at  such  places.     This  pipe  can  be  drawn  along  on  the  ballast  as  the 
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work  progresses,    allowing   the    tampers    to    work,    if   necessary,    1,200  or 
1,500  ft.  from  the  machine. 

COS!    01    I  I(E  APPARATl  S. 

The  cost  of  the  apparatus  as  compared  with  the  Collet  machine  is 
very  reasonable.  One  complete  unit  consisting  of  three  tampers,  600  ft. 
of  hose  and  compressor,  mounted  on  a  car  as  illustrated  in  Plate  7,  will 
cost  approximately  $r,8oo,  as  against  $7,800  for  the  Collet  machine. 

PLATE  9. 


A  self-propelled  compressor  car  is  illustrated  on  Plate  7,  which  is  a 
duplicate  of  the  one  used  during  all  the  tests  except  the  first.  This  car 
is  equipped  with  a  clutch  with  sprocket  and  chain  for  driving  one  pair  of 
the  main  wheels.  The  sprocket  ratio  is  such  that  the  speed  of  the  car 
when  being  driven  is  from  12  to  15  miles  per  hour. 

The  car  can  be  provided  with  a  galvanized  iron  cover  or  wood  hous- 
ing over  the  machinery  to  protect  it  from  the  weather.     A  wood  housing 
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is  slrnvn  on  Plate  ;.  The  deck  of  the  car  is  9  ft.  by  5  ft.  5  in  and  can 
accommodate  easily  12  men.  The  engine  has  ample  capacity  to  haul  such 
a  load  up  the  usual  grades.  The  car  is  provided,  as  shown  in  the  illustra- 
tions, with  transverse  trucks,  the  small  wheels  of  which  are  elevated  so 
that  the  tread  is  about  2  in.  higher  than  the  tread  of  the  main  wheels. 
To  remove  the  car  from  the  track,  it  is  merely  necessary  to  raise  each 
end  of  it  in  turn  2  or  3  in.  and  slip  a  2  in.  by  4  in.  scantling  or  a  flexible 
track  made  of  light  rails,  under  the  transverse  truck  at  each  side,  and 
then  push  the  car  off  the  track  transversely  over  this  improvised  track. 
This  car,  when  fully  equipped,  weighs :  . 

Car     2,180  lbs. 

Gasoline  and  water 145  lbs. 

Hose   and   tampers 170  lbs. 

2,495  lbs. 
but  with   the   above   arrangement  it  can  be.  easily  and  quickly  removed 
from  the  track  or  replaced  by  four  men.    This  car,  besides  meeting  every 
requirement  for  tamping  purposes,  can  take  the  place  of  the  section  motor 
car  that  is  being  used  on  many  sections  at  the  present  time. 

PLATE    10. 


The  gasoline-generator  car  used  with  the  electric  tampers  in  Test  5, 
is  illustrated  in  Plate  8.  It  is  self-propelled  and  equipped  for  removal 
from  track,  similarly  to  the  compressor  car.  The  engine  is  of  the  so- 
called  "four-cycle"  type  and  therefore  not  reversible.  However,  a  revers- 
ing gear  is  provided,  which  permits  the  operation  of  the  car  in  either  di- 
rection. The  car  is  provided  with  a  galvanized  iron  housing  to  protect  the 
machinery.     The  housing  can  be  easily  removed  when  desired. 

COST  OF  OPERATION. 


TEST    NO.    I. 


During  this  test  the  track  was  raised  from  2  to  4  in.     An  average  of 
26  ties  per  hour  were  tamped  with   the   machine,  the   complete   operation 
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hejng  performed  by  two  men-  The  machine  was  used  an  average  of  5^ 
hours  per  day  This  was  due  partly  to  delays  account  of  a  lack  of  dupli 
■  ate  parts  and  partly  to  the  fact  the  men  had  other  work  to  do.  It  has 
since  been  demonstrated  that  the  machine  can  be  operated  continuously 
with  very  little  delay.  The  overhead  charges  of  0.6  cent  per  tie  includes 
interest  and  investment,  depreciation  and  repairs.  The  interest  is  at  5 
per  cent.,  the  repairs  the  actual  amount  recorded  and  the  depreciation 
based  on  a  life  of  ten  seasons.     The  cost  of  this  test   was  as   follows 

2  men  ( 10  hours  each  at  $0.17; $  3-4° 

16.3  gallons  gasoline  (for  10  hours).  $0.12 1.96 

2  pints  oil  (for  10  hours),  $0.05 10 

Total  cost  per  day $  5.46 

Ties  tamped  in  10  hours,  200;  cost  per  tie $0,021 

Overhead  charges,   including  repairs 006 

$0,027 

Comparison  of  cost  of  tamping  one  mile  of  track  by  hand 
and  bv  machine  : 

By  Hand. 

Gang  of  10  men  and  foreman  per  day $  21.20 

They  will  tamp  one  mile  in  13V3  days 282.60 

By  Machine. 

3,200  ties.  .027 $  86.40 

Saving  per  mile 196.20 

TEST    XO.    2. 

In  Test  2  the  automatic  tampers  were  assigned  to  an  extra  gang  en 
gaged  in  raising  and  spacing  ties  under  new  rail.  The  track  received  an 
average  raise  of  about  2  to  3  in.  on  stone  ballast.  The  tampers  were 
started  in  with  an  extra  gang  of  30  men,  together  with  the  section  gang 
of  seven  men ;  but  after  working  with  this  number  of  men  for  a  half  day, 
it  was  discovered  that  there  were  too  many  men  for  the  capacity  of  the 
machines.  The  sectionmen  were  sent  to  do  other  work,  leaving  30  men, 
or  the  extra  gang ;  still  there  were  too  many  men  for  the  machine,  so 
this  gang  was  reduced  to  21  men,  not  including  two  foremen,  distributed 
as  follows:  One  foreman  attended  to  everything  in  general,  while  the 
other  was  raising  track.  There  were  two  men  at  the  jacks,  four  men 
putting  in  new  ties  and  putting  on  tie  plates,  five  men  putting  ballast  under 
ties  and  shovel  tamping  to  hold  the  track  up  ahead  of  the  automatic  tamp- 
ers, then  eight  men  followed,  gaging  all  ties,  then  two  men  with  the 
automatic  tampers,  and  one  man  who  forked  up  the  stone  into  the  track 
for  the  tampers  and  dressed  up  ballast.  With  this  organization,  it  is  pos- 
sible to  keep  the  automatic  tampers  continuously  at  work  on  the  track 
tamping  ties. 

Under  these  conditions,  30  ties  per  hour  were  tamped,  which  included 
tamping  the  tie  outside  of  the  rail  after  being  shovel-tamped,  tamping 
under  the  rail  and  inside  of  the  rail   16  in. 
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The  actual  cost  of  tamping  per  tic, -during  a  nine-hour  day,  was  as 
follows  : 

2  men  8  hours  per  day,  l6  hours 17  cents        $2.72 

i]4  gallons  gasoline  per  hour,  12  gallons.  12  cents  1.44 
Y>   pint   engine   oil,  per  8  gallons   gaso- 
line, 34  Pint • 5  cents  .04 

l/2  pint  compressor  oil,  y>  pint 5  cents  .03 

Actual  cost  tamping  ties  per  day $4-23 

240  ties  tamped,  $.0177  per  tie. 

Total  cost,  including  time  the  men  spent  going  to  and 

coming  from  work 53 

$4.76 
240  ties  tamped,  $0.02  per  tie. 

The  cost  of  tamping  ties  with  automatic  tampers  as  compared  with 
the  cost  of  tamping  by  hand,  not  including  foremen,  is  as  follows  : 

By  Hand. 
Gang  of  40  men,  $1.53  per  day $  61.20 

They  complete  a  mile  in  9  days $550.80 

By  Machine. 

Gang  of  21  men,  $1.53  per  day $32-*3 

They  complete  a  mile  in  13  days $417.69 

Saving   per    mile $133.11 

By  Hand. 

Cost  of  tamping  a  tie  full $.065 

By  Machine. 
Cost  of  tamping  a  tie  full 02 

Difference  per  tie $.045 

One  mile  of  3,200  ties $144.00 

test  no.  3. 

In  this  test  the  automatic  tampers  were  assigned  to  a  regular  section 
gang  on  the  main  line  while  spacing  ties  in  a  high-speed  track.  A  gang 
of  ten  men  were  employed  in  the  following  manner:  The  stone  was  first 
removed  from  between  the  ties  to  within  iJ/2  in.  of  the  bottom  of  the  tie 
for  a  distance  covering  a  week's  work  for  the  gang.  The  foreman  and 
six  men  then  raised  the  track  and  spaced  the  ties,  put  in  any  new  ones 
required,  and  put  on  tie  plates,  gaged  and  surfaced  the  track.  These  men 
were  followed  by  three  men  with  the  automatic  tie  tampers  who  tamped 
every  tie,  and  backfilled  track.  The  ties  were  tamped  outside  of  the  rail 
and  as  far  under  the  rail  as  the  tampers  would  tamp  the  ballast.  The  ties 
inside  of  the  rail  were  spade-tamped.  Using  this  method,  the  daily  aver- 
age was  15  rails,  but  on  account  of  the  automatic  tamper  being  used  in  a 
regular  section  gang,  the  machine  was  in  use  only  five  days  a  week,  one 
day  being  devoted  to  other  section  work  which  had  to  be  taken  care  of. 

In  the  first  part  of  the  test,  a  light  lift  was  made,  which  did  not  re- 
quire any  spade-tamping.  In  the  second  part  of  the  test,  a  lift  of  3  in. 
was  made,  which  required  spade-tamping  to  hold  the  track  up  before  the 
automatic  tamping  machines  were  used. 
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The  results  of  Test  3  were  as  follows: 
First  Part. 

Foreman's  supervision,  3  hours §0-23  $0.69 

3  men  9  hours  per  day,  27  hours 17  4.59 

1  1-9  gallons  gasoline  per  hour,  10  gallons.     .12  1.20 

2-9  pint  engine  oil  per  hour,  2  pints 05  .10 

V2  pint  compressor  oil,  Yz  pint 05  .03 

Actual  cost  tamping  ties  per  day $6.61 

300  ties  tamped,  per  tie $.022 

Total   cost,   including"  time  of   men    spent  going   to 

and  coming  from  toolhouse 51 


$7.12 
1  ies  tamped,  300;  cost  per  tie $.0237 

Tamping  by  Hand  compared  with   tlie  Automatic  Tamp- 
ers : 

By  Hand. 
<  iang  10  men  and  foreman  per  day $  19.80 

Tamp  mile  in  13^  days $264.00 

By  Machine. 
Clang  3  men  and  supervision  and  supplies $    7.12 

Tamp  mile  in   10^3   days $  75.95 

Difference  in  favor  of  machine  tamped  track, 

per  mile   $188.05 

Second  Part. 
Cost   of    Tamping   Ties,    including    Spade    Tamping    and 

Overhead  Charges : 

Foreman's  supervision,  3  hours $0.23  $0.69 

3  men  9  hours  per  day.  2."]  hours 17  4.59 

1  1-9  gallons  gasoline  per  hour,  10  gallons.     .12  1.20 

2-9  pint  engine  oil  per  hour,  2  pints 05  .10 

Y2  pint  compressor  oil,  V2  pint 05  .03 

Overhead  charges    (including   repairs)....  1.80 
3   men  2  hours   per   day  spade-tamping,  6 

hours    17  1.02 

Cost  per  day $9.43 

Ties  tamped,  300;  cost  per  tie $0314 

Total  cost,  including  time  crew  spent  going  to  and 
and  coming  from  toolhouse 51 


$994 
I  its  tamped,  300;   cost  per  tie $-0331 

Tamping  by  Hand  compared  with  the  Automatic  Tamp- 
ers ; 

By  Hand. 

Gang  of  10  men  and  foreman  per  day $  19,80 

Tamp  1  mile  in  13V3  days $264.00 

By  Machine   (including  repairs). 
Gang  3  men  (supervision,  supplies  and  repairs) . .  .$    9.94 
Tamp  mile  in  10^3  days $106.03 

Difference  in    favor  of  machine-tamped  track, 

per  mile    $157-97 
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TEST    NO.    4 

The  machine  was  assigned  in  this  test  to  a  regular  section  gang  on 
the  high-speed  tracks  of  the  River  Division.  The  work  consisted  of  spac- 
ing ties,  surfacing  and  dressing  track.  In  this  test  the  track  was  raised 
quite  uniformly  2  in.  out  of  face.  For  this  particular  work  it  was  found 
possible  and  advisable  to  reduce  the  regular  section  gang  one  man.  The 
work  done  by  hand  with  which  the  above  is  compared  was  of  a  sim- 
ilar nature  prosecuted  at  the  same  time  on  the  same  subdivision.  The 
comparative  results  were  as  follows : 

By  Hand. 

Labor  (1  foreman  and  6  men) $652.88 

Feet  of  track  surfaced 1 1,53° 

Cost  per  foot  surfaced 0566 

Cost  per  mile  surfaced 298.85 

By  Machine. 

Labor  (1  foreman  and  5  men) $37b-75 

Gasoline  (635  gallons,  .12) 76.20 

Engine  oil   (124  pints,  .05) 6.20 

Compressor  oil  (30  pints,  .05) 1.50 

Cup  grease  (19  lbs.,  .08) i-52 

$461.17 

Feet  track  surfaced I3>817 

Cost  per  foot  surfaced $.0334 

Cost  per  mile  surfaced 176-35 

Cost  per  mile  surfaced — by  hand $298.85 

Cost  per  mile  surfaced — by  machine 176.35 

Difference  in  favor  of  machine $122.50 

Average   number   of   ties   tamped   by   hand   per    day 

of  10  hours i.U 

Completing  one  mile  in  24  days. 

Average  number  of  ties  tamped  by  machine  per  day 

of   10  hours 238 

Completing  1  mile  in  13^  days. 
Average  cost  of  surfacing  per  tie: 

By  hand   $0935 

By  machine  -Q551 

Difference  in  favor  of  machine  work $.0384 

Overhead  charges  and  repairs .006 

Final  difference  in  favor  of  machine $-0324 

TEST    NO.    5. 

The  electric  tampers  were  used  in  this  test.  The  outfit  was  assigned 
to  a  regular  Main  Line  gang,  which  was  engaged  in  final  surfacing  after 
the  track  had  been  previously  raised  12  in.,  but  not  yet  put  into  service. 
The  force  was  organized  as  follows :  One  foreman  who  looked  after  the 
work  in  general,  four  men  doing  the  tamping  (two  being  required  to 
handle  each  tamper),  and  one  man  digging  out  stone,  feeding  ballast  to 
the  tampers,  dressing  up  track,  etc. 

The  ties  were  tamped  under  the  rail,  a  distance  of  16  in.  outside  and 
8  in.  inside  the  rail.  The  test  was  made  late  in  the  winter  season  and 
some  of  the  work  done  under  unfavorable  weather  conditions.  Notwith- 
standing this,   an   average   of  27   ties   tamped   per  hour   was   maintained. 
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The  result  of  the  test  was  as  follows : 

Foreman,  8  hours $0.26       $  2.08 

5  men,  8  hours  each,  40  hours t-  6.80 

Gasoline,  4  gallons 12  48 

Engine  oil,  2A  pi"» °5       £3 

Total  cost  per  day $  9-39 

216  ties  tamped,  per  tie $.043 

Time  of  crew  going  to  and  from  work i.ii 

Total $1050 

216  ties  tamped,  per  tie $-049 

Results  compared  with  cost  of  Hand  Work  : 
By  Hand. 

1  foreman  and  6  men,  cost  per  day $_iij52 

Tamped  1  mile  in  26  days $299-52 

By  Machine. 

1  foreman' and  5  men  and  supplies  per  day $  iQ-5° 

Tamped  1  mile  in  15  days $157-5° 

By  hand  $299.52 

By  machine I57-5<> 

Difference  in  favor  of  machine-tamped  track, 

per  mile   $142.02 

Cost  of  tamping  per  tie: 

By  hand   $.094 

By  machine  •  •  -049 

Difference    $-<>45 

The  comparative  stability  of  the  track  tamped  by  hand  as  compared 
with  the  track  tamped  by  the  automatic  tamper  is  as  follows:  At  Gran- 
ton  station  on  the  West  Shore  Railroad  in  June,  1913,  about  800  ft.  on 
the  eastbound  track  was  tamped  by  hand  and  800  ft.  was  tamped  by  the 
pneumatic  tamper.  This  track  is  over  the  Hackensack  Meadows,  where 
the  foundation  was  soft,  and  for  that  reason  it  was  not  an  ideal  place 
for  an  experiment.  This  was  the  only  place,  however,  where  air  was 
available  at  that  time  on  account  of  the  portable  compressor  not  being 
completed.  The  results  from  the  tests  in  feet  after  six  months  had 
elapsed  from  the  time  track  was  tamped  were  as  follows : 

Greatest  Settlement         Least  Settlement  Average  Settlement 

Hand     Machine  Hand     Machine  Hand     Machine 

.116  .063  .018  .004  .067  .033 

With  the  automatic  tampers  it  is  not  absolutely  necessary  to  clean 
the  ballast  out  to  the  bottom  of  the  tie,  as  is  necessary  when  tamping  by 
hand,  as  the  tampers  will  work  down  through  the  ballast. 

The  use  of  the  pneumatic  tampers  will  not  always  enable  one  to  re- 
duce the  number  of  men  on  sections,  as  the  track  cannot  be  lined  to  good 
advantage  with  less  than  six  men.  When  this  number  of  men  or  less  are 
employed,  the  advantage  resulting  from  the  use  of  the  tampers  lies  in 
the  relief  to  the  section  gang  from  the  work  that  they  now  do  in  tamping 
ties.  This  would  enable  them  to  devote  an  additional  amount  of  time  to 
ditching,  changing  out  curve-worn  rails,  and  work  of  that  character  that 
is  now  done  by  floating  gangs  to  a  great  extent.  The  use  of  the  tampers 
will  also  result  in  giving;  better  riding  track. 
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Results   Obtained    from   the   Operation    of    Twelve    Pneumatic    Tamping 
Outfits  on  the  N.  Y.  C.  R   R.  During  the  Year  1914. 

~Q  ,  , 

.2  §  e       fc         g.      ^£         ©       «*     s^ 

.22  ^t:  <u  o<  c  ^^  *3  .::-<«    * 

•S  °?  n         °  «         H>S    •      aO         ^        S"S 

Q  "§  C  °         t  H         «2        =„.        £'-        a^: 

00                     CinO  Q  K  H  coU  OP  OO  UO 

3  Aug.  30-Nov.  18  47  284.5  5,974  9,926  453  89.0  19.8 
3A  Jul.    29-Nov.  16  57  364  6,734  16,537  503  60.8  25.0 

4  Aug.  26-Nov.  21  36  317  6,180  10,194  375  69.0  35.5 

5  Aug.    3-Oct.     3  40  295  6,999  13,190  404  86.3  23.0 

6  Aug.    4-Oct.  23  46  382  12,148  20,102  501  86.0  43.0 

7  Aug.  io-Oet.  19  50  333  8,864  19,225  527  105.0  40.0 
10  Aug.  14-Oct.  24  39  307  9,590  15,815  356  51.0  73.0 
ir  Aug.  17-Oct.  28  32  249  6,040  9,954  362.5  73.0  18.4 
23  Aug.  18-Oct.  29  31  204  7,738  12,383  275  54.8  16.0 
21  Aug.  17-Oct.  31  30  191  2,880  5,154  167  26.5  14.7 
20  Sept.  i-Nov.  16  41  209  5,312  8,770  371.5  74.4  13.2 
25  &  27  Jul.    27-Sept.  12  20  112  4,539  7,328  170.5  12.5        7.25 

Total    469    3,247.5    82,998     148,578    4,465.5    788.3    328.85 

Averages. 

Hours  per  day 7.0 

Ties  tamped  per  day 177 

Ties  tamped  per  hour 26 

Single  track  covered  per  day 316.8  ft. 

Single  track  covered  per  hour 45.7  ft. 

Gasoline  used  per  hour 1.37  gal. 

Gas  engine  oil  used  per  hour 0.24  pt. 

Compressor  oil  used  per  hour 0.10  pt. 

OPERATION. 

COMPRESSOR    AND    GENERATOR. 

Don't  attempt  to  start  the  motor  when  the  spark  is  in  the  early  posi- 
tion. 

Don't  attempt  to  run  without  water,  oil  and  gasoline.  Lack  of  either 
water  or  oil  will  quickly  ruin  the  engine. 

Don't  spend  a  lot  of  time  cranking  the  engine  if  it  fails  to  start  after 
a  few  turns.     Look  for  the  cause  of  the  trouble. 

Don't  make  adjustments  unless  you  know  you  are  right. 

Don't  forget  to  drain  water  in  cold  weather. 

Don't  allow  a  man  to  tinker  with,  or  to  stand  around  and  watch  the 
engine  running,  as  this  only  increases  the  cost  of  the  work,  and  if  the 
motor  is  properly  cared  for  it  does  not  require  this  attention. 

Last,  but  not  least,  use  common-sense  at  all  times. 

AUTOMATIC  TAMPER. 

When  being  used,  if  the  person  using  the  tamper  is  right-handed,  he 
should  take  hold  of  the  lower  handle  with  the  left  hand  and  the  upper 
handle  with  the  right  hand.  Using  the  lower  handle  as  a  fulcrum,  the 
tamper   can  be   placed   at   any  angle   desired   for   the   purpose   of   tamping 
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ballast  under  the  tie.  If  the  person  using  the  tamper  is  left-handed,  he 
should  do  just  the  opposite.  When  tamping,  a  man  should  stand,  if 
right-handed,  with  his  left  foot  on  the  first  tie  back  of  the  tie  to  be 
tamped;  his  right  foot  should  be  placed  on  the  second  tie  back,  and  in 
such  position  that  if  a  tamping  bar  should  break,  the  tamper  would  not  fall 
against  his  right   foot  and  injure  it. 

PLATE  n. 


VV  ith  the  tamper  held  in  the  proper  position,  it  should  be  shoved 
quickly  down  against  the  ballast  which  it  is  desired  to  tamp  under  the  tie 
and  held  against  it  with  sufficient  pressure  to  keep  the  tamping  bar  in 
position  to  receive  full  effect  of  the  blow  from  the  plunger. 

The  automatic  tampers  should  be  moved  back  and  forth  along  that 
portion  of  the  lie  to  be  tamped  until  it  is  thoroughly  tamped.  The  auto- 
matic tampers  should  not  lie  held  in  one  place  any  longer  than  is  neces- 
sary to  thoroughly  tain])  the  tic,  as  otherwise  lime  will  In-  wasted  and 
ballast  crushed. 
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Ties  should  1m?  tamped  from  the  rail  to  the  extreme  end  of  the  tie 
on  the  outside  and  for  a  distance  from  6  to  12  in.  on  the  inside  and 
under  the  rail.  Ordinarily  a  tie  can  be  lamped  by  starting  to  tamp  at  the 
rail,  tamping  in  under  the  rail  as  far  as  can  be  reached  from  the  out- 
side, and  working  toward  the  outside  end.  If  so  desired,  the  tie  can  be 
tamped  by  starting  at  the  outer  end  of  the  tie  and  working  toward  the 
center,  12  in.  inside  of  the  rail  or  vice  versa.  In  tamping  ties  with  the 
automatic  tamper,  both  sides  of  the  tie  should  be  tamped  at  the  same  time, 
and  tampers  worked  opposite  each  other. 

In  using  the  automatic  tampers  ordinarily,  the  ties  should  be  tamped 
after  the  track  has  been  raised. 

When  track  is  in  good  surface  and  level  and  riot  centerbound.  the 
tics  should  be  spotted  in  the  track,  without  a  lift,  and  then  tamped  solid 
with  the  automatic  tamper. 

When  surfacing,  or  making  a  light  lift  and  ballast  is  dressed  to 
standard,  it  should  be  loosened  up  and  a  portion  thrown  out  before  ties 
are  tamped.     If  lifting  iJ/£  in.  or  more,  this  is  not  necessary. 

The  best  methods  of  procedure  formulated  from  two  years'  experi- 
ence with  the  Automatic  Tie  Tamper  are  as  follows: 

In  spotting  in  ties  without  raising  track,  ties  should  be  put  in  the 
track  and  then  followed  up  with  the  tamper.  The  foreman  of  the  gang 
should  have  general  supervision,  follow  up  the  routine  of  the  work  and 
protect  the  men  handling  the  tampers,  the  noise  of  which  prevents  them 
from  hearing  the  approaching  trains. 

Force  required  : — Six  men  digging  out  and  installing  ties. 
Two  men  tamping  with  automatic  tamper. 
One  foreman  supervising  the  work. 
When    using   the   automatic   tampers  on   regular  section  work,  every 
fourth  or  fifth  tie  should  be  lightly  tamped  to  line  and  surface  and  then 
follow  up  with  the  automatic  tampers  and  back-fill,  the  foreman  sighting 
track  and  having  general  supervision  of  the  work. 

Force  required  : — One  man  with  track  jack  picking  up  track. 

One  man   forking  stone  to  tampers  and  back-filling 

and  dressing  up. 
Two  men  tamping  with  automatic  tamper. 
One  foreman  sighting  track  and  supervising  work. 
Before  using  the  tie  tampers  when  putting  in  ties  and  raising  track, 
track  should  be  raised,  and  ties  put  in  and  spade-tamped  to  proper  sur- 
face in  the  usual  manner,  then  follow  up  with  the  automatic  tampers  and 
tamp  all  ties,  after  which  have  gang  back-fill  and  complete  the  work. 
Force  required  : — Seven   men   to   raise   track,   install   ties,   tie   plating, 
gaging  and  lining  track. 
Two  men  tamping  with  automatic  tampers. 
One  man  forking  stone  to  tampers  and  changing  off 

on  tampers  if  necessary. 
(  >ne   foreman  raising  and  lining  track  and   supervis- 
ing work. 


BALLAST    TAMPERS    FOR    RAILWAY    TIES.  223 

Before  using  automatic  tie  tampers  when  placing  ties,  raising  track, 
etc.,  under  new  rail,  track  should  be  raised,  ties  renewed  where  necessary 
and  spade-tamped  in  the  usual  manner,  and  track  properly  surfaced,  then 
follow  up  with  the  automatic  tampers  and  tamp  all  ties.  We  find  in  doing 
work  of  this  character,  that  the  work  can  be  expedited  by  digging  out 
within  i  in.  of  the  bottom  of  the  ties  before  raising.  After  track  has  been 
spaced  and  surfaced  it  is  necessary  to  line  and  finish  the  track  with  the 
whole  gang. 

Force  required  : — Seven  men  raising  track,  installing  ties,  spacing  ties, 
tie  plating,  gaging  and  lining  track. 
Two  men  tamping  ties  with  automatic  tie  tamper. 
One  man  forking  in  stone  to  tampers  and  changing 

off  on  tampers  and  back-filling. 
One  foreman  raising  and  lining  track  and  supervis- 
ing work. 
The  above  methods  cover  the  operation  of  one  Automatic  Tie  Tamper 
Unit.     If  two  units  arc  employed,  the  force  of  men  should  be  increased 
accordingly.     However,   for  large  gangs   it    is  possible  to   obtain   a   double 
unit  of  four,  instead  of  two,  automatic  tampers. 


RISE  AND  FALL:     FUEL  AND  TIME. 

By  C.  P.  Howard,  Consulting  Engineer. 

The  Committee  on  Economics  of  Railway  Location  of  the  American 
Railway  Engineering  Association  have  assembled  and  presented  to  the 
Association  a  considerable  amount  of  data  for  the  solution  of  the  various 
problems  of  grades,  including  rise  and  fall,  fuel  and  time.  Information 
as  to  fuel  used  in  firing  up,  drifting  and  standing,  has  been  furnished  by 
A.  K.  Shurtleff,  former  Chairman  of  the  Committee,  in  his  article  on 
"Locomotive  Fuel  Consumption  and  the  Speed  Diagram,"  in  Bulletin  148, 
August,  1912.  This  serves  to  make  the  information  in  the  hands  of  the 
Association  fairly  complete. 

This  data  has  been  used  in  the  following  investigation  to  determine 
the  variations  in  time  and  fuel  due  to  rise  and  fall,  the  object  being  to 
find,  if  possible,  some  handy  method  of  estimating  these  values,  which, 
for  use  of  the  man  in  the  field,  should  be  simple  of  application,  and  more 
accurate  than  methods  heretofore  in  use. 

Many  variables  enter  into  calculations  as  to  power  and  performance 
of  locomotives.  Definite  values  must  be  taken  for  some  of  these  vari- 
ables, and  in  order  to  make  the  results  most  widely  applicable,  average 
conditions  must  generally  be  assumed. 

The  average  weight  of  a  freight  car  in  the  United  States,  including 
load,  is  about  32  tons ;  for  which  the  resistance  by  American  Railway 
Engineering  Association  formula  is  6  lbs.  per  ton.  The  typical  locomo- 
tive first  considered  in  this  paper  is  a  consolidation  using  saturated  steam 
(see  Mr.  Shurtleff's  article,  page  8,  Part  2,  Vol.  14,  Proceedings,  Ameri- 
can Railway  Engineering  Association,  1913)  : 
Cylinders,  22  by  30  in. 
Drivers,  63  in. 

Heating  surface,  3,300  sq.  ft. 
Boiler  pressure,  200  lbs. 
Weight    (including  tender).    173   tons. 

Coal  is  estimated  at  11,000  B.  t.  u. ;  consumption,  working,  4,000  lbs. 
per  hour;  drifting,  789  lbs.  per  hour  (column  4  of  table,  page  6,  Part  2, 
Vol.  14,  Proceedings,  American  Railway  Engineering  Association,  1913). 
Curves  of  horsepower  and  tractive  power  for  different  speeds  calculated 
from  the  Manual  are  shown  in  Fig.  2. 

Table  1  was  calculated  for  this  engine  loaded  for  the  following  main- 
tained speeds  on  ruling  grades : 

Ruling  grade  1.5  per  cent 5      miles  per  hour 

Ruling  grade  1.25  per  cent 5     miles  per  hour 

Ruling  grade  1.0  per  cent 5      miles  per  hour 

Ruling  grade  0.8  per  cent 5.5  miles  per  hour 

Ruling  grade  0.6  per  cent 6.0  miles  per  hour 

Ruling  grade  0.4  per  cent 7.0  miles  per  hour 

Ruling  grade  0.3  per  cent 7.5  miles  per  hour 
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Five  miles  per  hour  is  the  maximum  calculated  speed  at  which  this 
engine  can  supply  steam  at  full  cut-off.  with  the  given  quantity  and  qual- 
ity of  coal.  Tt  is  assumed  that  for  the  light  trains  necessary  on  heavy 
grades  of  i.o  per  cent,  and  over  there  will  he  enough  lighter  gradients 
on  the  rest  of  the  division  for  the  engine  to  make  up  time,  and  permit 
the  use  of  this  low  speed,  on  the  ruling  grade. 

As  will  be  further  noted,  this  table  may  be  used  for  lighter  loading 
and  higher  speeds.  Other  conditions  being  known,  the  speed,  S2  to  be 
maintained  on  the  ruling  grade  (S  in  Fig.  i)  determines  the  weight  of 
train  ; 

P2  —  20  EG2 

w  == (I  I 

r  -j-  20  G2 
Where  w  =  weight  of  train  behind  tender  in  tons  (2,000  lbs.). 

P2=  available   drawbar   pull  on   a   level   grade   at    S2   speed  = 
cylinder    tractive   power    less    engine    resistance,    and 
must  be  taken  from  a  table. 
G2  =  per  cent,  of  ruling  grade  (G  in  Fig.  1). 
E  —  weight  of  engine  and  tender  in  tons, 
r  =  resistance  in  lbs.  per  ton  of  train  behind  tender.       _ 
When  the  train  starts  down  a  grade  (see  Fig.  1),  it  will  increase  its 
velocity  to  a  speed  considered   reasonably  safe,  and  hold   it  to  the  foot 
of  the  grade.     This  speed  may  vary  considerably,  but  to  simplify  calcula- 
tions, and  as  conforming  reasonably  close  to  good  practice,  the  maximum 
speed   (Si)   attainable  on  a  level  grade  for  the  given  train  is  here  taken 
as  the  limiting  speed  on  descending  grades.     The  same  speed   (Si)    may 
then  be  taken  as  speed  of  approach  at   (a)   in  Fig.  1,  whether  the  train 
approaches  from  a  level  or  descending  grade. 

The  speed  line  shown  in  Fig.  1  is  an  approximation  of  average  con- 
ditions, and  greatly  simplifies  the  calculations.  With  the  same  speed  on 
the  down  grade  from  (d)  to  (e)  as  on  the  level  grade,  there  is  no  differ- 
ence in  time  and,  if  the  grade  is  steeper  than  the  grade  of  equilibrium, 
the  saving  in  fuel  consumption  is  the  time  from  (d)  to  (e)  multiplied  by 
the  difference  in  rate  of  consumption  for  the  engine  working  and  drifting. 
From  (a)  to  (d)  the  increase  in  fuel  is  the  difference  in  time  multi- 
plied by  the  rate  of  fuel  consumption  for  the  engine  working.  If  1  ft. 
is  added  to  the  height  of  the  hill,  the  portions  of  the  speed  line,  ab  and 
cd,   will    remain    unchanged,    while   be    and    de    are    increased   in    length. 

1.136 

Let  n  =  time  in  minutes  to  travel  too  ft.  at  S  speed  — 

S 

1,13/6 
Let  in  =  time  in  minutes  to  travel  ico  ft.  at  S,  speed 


Si 

Where  S  and  Si  refer  to  speed  in  miles  per  hour  on  a  given  ascending 
grade  and  a  level   grade. 
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Then  increase  of  time  in  minutes,  m,   due  to    i-ft.   rise   above  the 

point,  b  (Fig.  i),  where  momentum  gives  out  is: 

n  —  m 

m  = (2) 

G 

where  G  =  per  cent,  of  the  given  grade. 

That  is,  the  increase  of  time  in  minutes  per  foot  of  rise  is  the  differ- 
ence between  the  time  required  to  travel  ioo  ft.  at  maintained  speed  on 
the  given  grade  and  a  level  grade  divided  by  the  per  cent,  of  grade. 

The  increase  of  time  in  hours,  M,  due  to  i  ft.  of  rise,  calculated  for 
1,000,000  gross  tons  of  2,000  lbs.  (trains  plus  engines)   is : 

M  =  km (3) 

16,667 

where  k  — ,  and  W  =  weight  of  train  including  engine. 

W 
The  increase  in  pounds  of  coal,  c,  due  to  1  ft.  of  rise  above  the  limit 
of  momentum  is : 

c==fm (4) 

where  f  =  coal  consumption  in  lbs.  per  minute  for  engine  working. 

The  tons  of  coal,  C,  for  1,000,000  gross  tons  (trains  plus  engines) 
due  to  1  ft.  of  rise  is : 

C=klC (5) 

500 

where  ki  = 

W 
For  this  engine  and  data  the  limiting  speed  (Si)  and  weight  of  train 
behind  the  tender  are  as  follows : 

Ruling  Grade  (G-,)  Train  Weight  (w)  Speed  (Si) 

0.3    per  cent.  2,360  18.9 

0.4    per  cent.  2,083  2°-8 

0.6    per  cent.  1,735  22>-7 

0.8    per  cent.  1,461  26.6 

1.0    per  cent.  1,275  29-1 

1.25  per  cent.  1,042  33-0 

1.50  per  cent.  873  36.7 

The  speed  for  0.3  per  cent,  and  0.4  per  cent,  ruling  grades  may  seem 

rather  low  for  the  train  going  down  hill,  but  on  the  former  the  train  will 

not  drift  at  all;  taking  into  consideration  the  resistance  of  engine.     As 

a  matter  of  fact  on  a  —  0.4  per  cent,  grade  the  resistances  at  20.8  miles 

per  hour  will  just  about  balance  the  acceleration  of  the  grade  on  a  i-de- 

gree  curve,  if  we  take  results  of  tests  by   Prof.  E.   C.   Schmidt,  of  the 

University  of  Illinois. 

The  speeds  on  the  0.6,  0.8  and  1.0  per  cent,  grades  come  well  within 
the  limits  of  good  practice. 

The  permissible  speed  for  train  loaded  for  1.5  per  cent,  grade  may 
be  rather  high,  as  figured  by  this  rule;  but  the  train  is  light  and  it  makes 
for  uniformity  in  calculating  to  apply  the  same  rule  to  all  grades.  More- 
over, tables  for  the  higher  ruling  grades  can  be  used  for  light  loading 
and  higher  speeds  on  the  lower  ruliflg  gradients. 

The  time  on  the  descending  grade  being  the  same  as  that  on  the  level 
grade  with  which  it  is  compared,  the  lbs.   of   fuel  saved,  Ci,   for   1    ft. 
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of  fall,  on  any  grade,  G,  steep  enough  for  train  to  drift  at  Si  speed  is  the 

ni 
time  of  descent  in  minutes,  — ,  multiplied  by  the  difference,  f  —  fi,  be- 

G 
tween  the  fuel  consumption  per  minute  of  the  engine  working  and  drift- 
ing; the  latter  being  obtained  from  Mr.  Shurtleff's  table  (page  6,  Part  2, 
Vol.  14,  Proceedings,  American  Railway  Engineering  Association,  1913)  : 

(f-fOm 

c»  = (6) 

G 
When  the  given  grade  is  so  light  that  the  engine  cannot  maintain 
speed  drifting,  but  must  work  part  of  the  time,  the  engine  may  be  con- 
sidered, as  an  approximation,  to  be  alternately  working  and  drifting  for 
short  periods,  so  as  to  preserve  the  same  average  speed  of  descent.  There 
will  be  no  saving  in  fuel  when  working.  For  the  portion  of  time  when 
the  engine  is  drifting,  the  saving  in  fuel  is  the  same  rate  (f  —  fi)  as  for 

ni 
steeper  grades.    The  total  time  for  1  ft.  of  fall  is  as  above,  — .     To  get 

G 
20  G 

the  proportion  of  time  drifting,  we  multiply  this  by  ,  that  is,  the 

ri 
accelerating  force  divided  by  resistance,   where   ri  =  total   resistance   of 
engine  and  train  at  the  given  speed  in  lbs.  divided  by  total  weight,  W, 

20  ni 

in  tons.    Therefore,  the  proportion  of  time  drifting  is  ,  and  saving 

r» 
in  fuel  per  foot  of  fall  is: 

2oni(f  —  fO 

&  = (7) 

ri 
Similarly  to   equation    (5),   the  saving  in   coal,   for    i,oco,oco  gross 
train  tons,  due  to  I  ft.  of  fall  is : 

G  =  kici.  ....* (8) 

500 

where  kx  = ,  as  in  equation  (5),  and  a  is  to  be  taken  from  equation 

W 
(6)  or  (7)   according,  as  the  given  grade  is  heavier  or  lighter  than  the 
grade  of  equilibrium. 

Table  1  has  been  calculated  from  equations  (3),  (5)  and  (8),  and 
shows  the  difference  in  time  and  fuel  consumption  due  to  1  ft.  of  rise 
or  fall,  or  both  combined,  beyond  the  limits  of  momentum  on  various 
ruling  and  minor  gradients  for  an  engine  using  saturated  steam. 

It  will  be  noticed  that  there  is  much  less  saving  in  fuel  on  ruling 
than  on   minor   descending  gradients — increasing   down  to  the  grade  of 

ri 

equilibrium,  G  = ,  where  the  resistance  just  equals  the  accelerating 

20 
force.     For  any  lighter  gradients  the  saving  per  foot  of  fall,  as  above 
noted,  may  be  taken  as  approximately  the  same. 

This  is  readily  explained  by  the  fact  that  on  steep  grades  a  large 
part  of  the  stored  energy  of  the  train  is  destroyed  by  the  brakes.    Where 
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brakes  are  not  used  the  full  amount  of  this  energy  is  utilized  and  repre- 
sents a  saving  in  fuel. 

Trains  in  each  direction  should  be  considered  separately.  Curvature 
adds  to  rise  and  deducts  from  fall  an  amount  equal  to  the  proper  com- 
pensation. 

Columns  6  and  7  of  Table  1  show  the  increase  in  time  and  fuel  due 
to  1  ft.  of  rise  at  maintained  speed  on  various  ruling  and  minor  gradients 
for  the  given  conditions  as  to  power,  loading,  fuel,  etc.  Column  8  shows 
the  decrease  in  fuel  for  1  ft.  of  fall. 

If  a  suitable  deduction  is  made  for  the  saving  due  to  momentum, 
this  or  a  similar  table  may  be  used  as  a  rapid  method  of  approximating 
the  loss  of  time  and  fuel  due  to  any  height  of  rise  or  fall.  Momentum 
may  be  expressed  in  terms  of  velocity  head.  The  saving  due  to  momen- 
tum corresponds  to  the  difference  in  velocity  head,  modified  by  the  varia- 
tion in  the  horsepower  of  the  engine,  and  the  slight  variation  in  head-end 
resistance. 

Neglecting  these  modifications,  we  may  find  the  equivalent  net  rise  or 
fall,  by  correcting  for  the  difference  in  velocity  head  due  to  change  in 
speed.  For  instance,  if  a  train  approaches  an  ascending  grade  at  a  speed 
of  30  miles  an  hour  and  gradually  reduces  to  a  maintained  speed  of  8 
miles  per  hour,  we  may  deduct  from  the  rise  a  vertical  height  of 
hi  —  112  =  29.3  feet.,  where 

hi  =  velocity  head  at  30  miles  per  hour  =  31.5  ft. 
h2  =  velocity  head  at    8  miles  per  hour=   2.2  ft. 

Column  10  of  Table  1  gives  these  deductions,  equivalent  to  the  dif- 
ference in  velocity  head  for  the  speeds  shown. 

The  use  of  the  table,  however,  is  not  confined  to  the  speeds  shown. 
It  is  only  necessary  to  correct  for  the  actual  difference  in  velocity  heads 
by  the  formula : 

Hi  =  H  —  h,  +  h, (9) 

where  H  =  rise  or  fall  (plus  sign  for  rise  and  minus  for  fall), 
hi  =  velocity  head  at  speed  of  approach. 
h2  =  velocity  head  at  maintained  or  final  speed  on  the  grade. 
Hi  =  equivalent  net  rise  or  fall  (plus  for  rise,  and  minus  for  fall). 
Hi  should  never  be  minus  for  a  rising  grade,  and  if  the  grade  is  so  short 
and  the  final  speed  that  can  be  maintained  on  the  grade,  corresponding 
to  h2,  is  so  small  as  to  make  Hi  minus,  then  the  rise  is  not  sufficient  to 
use  up  the  difference  in  momentum,  and  equation   (9)    should  be  solved 
for  a  proper  value  of  hi.     This  is  done  by  making  Hi  =  0  and  solving 
for  h2,  or 

hs  =  ht  — H (10) 

This  will  indicate  the  final  speed  on  the  given  grade    (corresponding  to 
the  velocity  head  of  hs)  and  the  initial  speed  on  the  next  grade. 

Similarly  Hi  should  generally  be  minus  on  a  descending  grade.  If 
the  limiting  speed  is  so  great  or  the  length  of  grade  so  short  as  to  make 
Hi  plus,  then  the  final  speed  may  be  taken  corresponding  to  h2  in  equa- 
tion   (10).  , 
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Table  2  was  calculated  for  superheated  steam  at  3,500  lbs.  coal  per 
hour.  It  will  be  noted  that  the  limiting  speed  on  level  and  descending 
grades  shown  in  column  (Si)  is  very  high  for  ordinary  freight  trains 
when  the  ruling  grade  is  1.0  per  cent,  or  higher. 

Table  2a  is  the  same  as  Table  2,  except  that  the  speed  is  limited  to 
35  miles  per  hour  on  all  grades  wherever  the  ruling  grade  is  1.0  per  cent, 
or  more.  A  train  loaded  for  0.8  per  cent.,  as  shown,  would  maintain  a 
speed  of  2>SlA  miles  per  hour  on  a  level  grade.  This  being  near  the  limit, 
no  change  was  made,  and  the  figures  for  lower  ruling  gradients  are  the 
same  as  in  Table  2. 

While  Table  2a  is  perhaps  an  improvement  on  No.  2  for  ordinary 
conditions,  it  requires  considerably  more  work  in  the  computations.  The 
engine  loaded  for  a  1.5  per  cent,  ruling  grade  could  maintain  a  speed  of 
50.1  miles  per  hour  on  a  level  grade  and  36^3  M.  P.  H.  on  a -f- 0.15  per 
cent,  grade,  burning  3,500  lbs.  coal  per  hour. 

It  is  necessary  to  calculate  backwards  to  find  the  rate  of  consump- 
tion necessary  to  maintain  35  miles  per  hour  on  these  grades.  It  was 
found  that  to  maintain  35  miles  per  hour  on  level  and  light  gradients  with 
trains  loaded  for  heavy  ruling  grades,  as  in  Table  2a,  the  following  rate 
of  firing  would  be  necessary: 

Ruling  Grade  Actual  Grade  Coal  Per  Hour 

1.5     per  cent.  Level                                 2,097 

1.5    per  cent.  +  0.15  Per  cent.                      3.250 

1.25  per  cent.  Level                               2,366 

1.25  per  cent.  +0.10  per  cent.                       3,409 

1.0    per  cent.  Level                               2,897 

Of  the  three  tables  for  general  use  the  writer  is  inclined  to  favor 
Table  2a,  superheated  steam  and  restricted  speed.  The  tons  of  coal  per 
foot  of  rise,  column  (C),  does  not  show  the  wide  variations  of  Table  1, 
saturated  steam.  For  this  quality  of  coal,  11,000  B.  t.  u.,  these  values  in 
Table  2a  are  fairly  constant  at  2.5  to  2.6  tons  coal  on  ruling  grades,  run- 
ning down  as  low  as  two  tons  on  a  few  of  the  minor  gradients,  or  say  an 
average  of  2.4  tons. 

Table  2b,  similar  to  Table  2a,  is  calculated  for  14,000  B.  t.  u.  coal. 
The  tons  of  coal  per  foot  of  rise,  column  (C),  is  fairly  constant  at  1.9 
to  2  tons  on  ruling  grades,  and  very  little  less  on  minor  grades,  except 
where  the  ruling  grade  exceeds  1  per  cent. 

Superheated  Steam. — Fig.  3  shows  curves  of  tractive  power  and 
horsepower  for  a  similar  engine  using  superheated  steam  with  the  same 
coal  and  rate  of  consumption  per  hour.  The  heating  surface,  exclusive 
of  superheating  surface  is  the  same,  and  as  to  weights,  cylinders,  drivers, 
etc.,  the  data  is  that  of  the  engine  using  saturated  steam.  These  curves 
are  calculated  from  the  1915  report  of  the  Committee  on  Economics  of 
Railway  Location.  For  comparison  the  curves  for  saturated  steam  are 
reproduced  from  Fig.  2.  The  dotted  lines  show  curves  for  superheated 
steam  using  3,500  lbs.  coal  per  hour. 
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TABLE  1~ 

Showing  Variation  in  Time  and  Fuel  per  F 

oot  of  Rise  or  Fall,  or  of  Hise  and  ^all 

Combined; 

Uomentum  Excluded.  Computed  for  1,000,000  Train  Tons,  including  Engine  Weights.  Cm 

Eeaist- 

ance 

,  6  lbs.  per  ton  (baaed  on  Consolidation 

Engine,  Saturated  Steam;  Heating  Surfaoe 

,  3000  sq  i 

ft.; 

Steam  Pressure,  200  lbs.;  Cylinder,  22X30":  Drivers,  63" ;  Weight,  including  Tender,  173 

Tone 

;  Coal,  11 

000  B.t.u.;  Consumption — Working,  4000  lbs.;  Drifting,  783  lbs. per  hour.) 

Baling 

Aotual 

Weight 

Maintained  Speed 

Increase  for  One 

Decrease 

Inor.in 

Feet  of 

Grade 
Percent 

Grade 
Percent 

of  Train 
behind 

in  M.P.H. 

Foot  Hise 

in  Coal 
for  1  ft 

Coal  for 
lftEise 

Slse  an< 
Fall  ex- 

Level 

On  ,g) 

Time- 

Coal- 

Tender 

Grade 

Hours 

Tons 

■FallTonB 

iFallTne 

cluded 

(0,1 

(G) 

(w) 

(S,  ) 

(S) 

(M) 

(C) 

(C) 

(C-C,  ] 

lb,-  h,. 

1.50 

1.50 

873 

36.67 

6.00 

2.08 

4.17 

0.53 

3.64 

46 

1.25 

6.69 

1.77 

3.53 

0.63 

2.90 

45 

1.00 

9.07 

1.50 

3.00 

0.79 

2.21 

44 

0.75 

12.72 

1.24 

2.47 

1.06 

1.41 

41 

0.50 

17.29 

1.11 

2.21 

1.58 

0.63 

37 

0.25 

23.59 

1.10  • 

2.19 

£.09 

0.10 

28 

0.15 

27.40 

1.10 

2.21 

2.09 

0.12 

SI 

1.85 

1.25 

1048 

33.01 

5.00 

2.12 

4.24 

0.61 

3.63 

37 

1.10 

6.11 

1.89 

3.77 

0.69 

3.08 

37 

0.90 

8.05 

1.62 

3.24 

0.84 

2.40 

36 

0.70 

10.96 

1.36 

2.71 

1.08 

1.63 

34 

0.60 

14.80 

1.16 

2.32 

1.51 

0.81 

30 

0.30 

19.58 

1.08 

2.15 

£.07 

0.08 

25 

0.10 

26.77 

1.10 

2.19 

2.07 

0.12 

18 

1.00 

1.00 

1275 

29.10 

5.00 

2.17 

4.34 

0.72 

3.62 

£9 

0.90 

5.88 

1.97 

3.96 

0.80 

3.15 

28 

0.80 

6.90 

1.81 

3.62 

0.90 

2.72 

28 

0.70 

8.16 

1.66 

3.30 

1.03 

2.27 

27 

0.60 

9.78 

1.46 

2.96 

1.20 

1.76 

26 

0.50 

11.80 

1.32 

2.64 

1.44 

1.20 

25 

0.40 

14.08 

1.20 

2.40 

1.80 

0.60 

23 

0.30 

16.66 

1.12 

£.24 

2.04 

0.20 

20 

0.20 

19.70 

1.07 

2.15 

2.04 

0.11 

16 

0.10 

23.49 

1.07 

2.16 

2.04 

0.11 

10 

0.80 

0.80 

1461 

26.61 

5.60 

2.09 

4.18 

0.87 

3.31 

24 

0.70 

6.60 

1.88 

3.76 

1.00 

2.76 

28 

0.60 

7.94 

1.70 

3.40 

1.16 

2.24 

23 

0.50 

9.73 

1.61 

3.02 

1.40 

1.62 

21 

0.40 

12.02 

1.32 

2.63 

1.7-6 

0.88 

£0 

0.30 

14.65 

1.18 

2.36 

2.02 

0.34 

17 

0.20 

17.70 

1.09 

2.18 

2.02 

0.16 

14 

0.10 

21.40 

1.06 

2.12 

£.02 

0.10 

9 

0.60 

0.60 

1736 

£3.68 

6.00 

2.06 

4.11 

1.12 

2.99 

18 

0.50 

7.46 

1.82 

3.64 

1.34 

2.30 

18 

0.40 

9.38 

1.60 

3.19 

1.68 

1.51 

17 

0.30 

12.00 

1.36 

2.72 

1.99 

0.73 

15 

0.20 

15.11 

1.19 

£.38 

1.99 

0.39 

12 

0.10 

18.85 

1.08 

2.15 

1.99 

0.16 

7 

0.40 

0.40 

2080 

20.60 

7.00 

1.99 

3.98 

1.62 

2.36 

18 

0.30 

9.1C 

1.70 

3.41 

1.95 

1.46 

12 

0.20 

12.26 

1.40 

2.81 

1.95 

0.86 

10 

0.10 

16.02 

1.20 

£.41 

1.95 

0.46 

6 

0.30 

0.30 

2360 

18.90 

7.60 

2.01 

4.01 

1.93 

2.08 

11 

0.20 

10.26 

1.66 

3.33 

1.93 

1.40 

9 

0.10 

14.09 

1.35 

2.69 

1.93 

0.76 

6 
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Fuel  on  very  light  descending  grades,  less  than  the  grade  of  equi- 
librium, except  in  Table  i,  was  calculated  backwards  from  the  cylinder 
tractive  power.  This  calculation  involves  a  considerable  extension  of 
tables  in  the  Manual,  as  it  deals  in  very  small  tractive  effort  and  fuel 
consumption.  It  shows  in  some  cases  a  saving  on  a  —  o.i  per  cent,  grade 
slightly  greater  than  the  increase  on  a  -f-o.i  per  cent,  grade,  and  the  ac- 
curacy of  these  figures  is  a  matter  of  conjecture.  However,  the  amounts 
and  differences  are  very  small  and  would  not  seriously  affect  the  value 
of  the  tables  as  a  whole. 

Resistances  and  locomotive  performance  are  computed  for  summer 
rating,  therefore  the  figures  in  tables  should  be  corrected  for  cold  weather. 

DETAILS   OF   CALCULATIONS. 

The  Manual  process  as  applied  to  simple  and  four-cylinder  compound 
engines  may  be  formulated  as  follows : 

The  tractive  power  of  the  locomotive  at  the  maximum  speed,  Sm 
(or  "M"),  at  which  it  can  maintain  steam  at  full  cut-off  is  given  by  the 
formula : 

375K 

•     T  = (a) 

P 
6723  Ls 
Where  K  = 


D 
L  =  stroke  of  piston  in  inches. 
D  =  diameter  drivers  in  inches, 
s  =  pounds  of  steam  per  foot  of  stroke,  taken  from  Table  2 

of  the  Manual. 
p=r  pounds  of  steam  per  I.  H.  P.  at  "M"  velocity,  taken  from 

Table  4  of  the  Manual. 
T  =  cylinder  tractive  power  in  lbs.  at  Sm  speed. 
Values  for  s  and  p  for  superheated  steam  (simple  engines)  are  given  in 
extensions  of  Tables  2  and  4  adopted  March,  1915. 

Both  s  and  p  vary  with  the  boiler  pressure,  s  varies  as  the  square  of 
the  diameter  of  the  cylinders,  and  equation  (a)  for  simple  engines  is 
practically  identical  with  the  well-known  formula: 

0.85  PCa  L 

T  = (b) 

D 
where  P  =  boiler  pressure  in  lbs.  per  square  inch. 

C  =  diameter  of  cylinders  in  inches. 
If  equation    (a)    is  used  involving  a  value  of  K,  the  speed,  Sm  in  miles 
per  hour  may  be  obtained  from  : 

Q 

Sm=— (C) 

K 

where  Q  =  Fyi  =  Axyt  =  pounds  steam  per  hour. 
F==  pounds  coal  per  hour. 

x  =  pounds  coal  per  hour  per  square  foot  of  heating  surface. 
A  =  square   feet  of  heating  surface    (excluding  superheating  sur- 
face), 
yi  =  pounds  of  steam  per  pound  of  coal  and  must  be  taken  from 
Table  1  of  the  Manual. 
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TABLE  2— 

Showing  Variation  in  Time  and  Puel  per  Poot  of  Rise  or  Pall  or  of  Rise  and  Fall  Combined; 

Momentum  Excluded.  Computed  for  1,000,000  Train  Tone,  Including  Engine  Weights.  Car  Resist- 

ance 

,  6  lbs.  per  ton  (based  on  Consolidation 

Engine,  Superheated  Steam;  Heating  Suxfaoe,  ex- 

eluding  Superheating  Surfaoe,  3300  sq.ft.;  Boiler  Pressure,  200  lbs.;  Cylinders,  22x30": 

Drivers,  63";  Weight,  including  Tender,  173 

Tons;  Coal,  11,000  B.t.u.;  Consumption-- Working, 

3500 

lbs.  per  hour;  Drifting,  789  lbs.  per  hour.) 

Ruling 

Actual 

Weight 

Maintained  Speed 

Inorease  for  One   Decrease 

Incr.in 

Peet  of 

Grade 

Grade 
Percent 

of  Train 
behind 

in  M.P.H. 

Poot  Rise 

in  Coal 
for  1  ft 

Coal  for 
lftRise 

Rise  and 
Pall  ex- 

Percent 

Level 

On  (Gj 

Tlme- 

Coal- 

Tender 

Grade 

Houre 

Tons 

Fall-Tns 

&PallTns 

cluded 

I6») 

(G) 

(w) 

(S,  ) 

(S) 

(M) 

(C,) 

(C,  ) 

(C-C,) 

(h,-  ht) 

1.60 

1.60 

882 

50.10 

7.30 

1.40 

2.44 

0.Z2 

2.12 

86.0 

1.25 

8.75 

1.35 

2.37 

0.39 

1.98 

85.8 

1.00 

10.91 

1.29 

2.25 

0.49 

1.76 

83.7 

0.75 

14.32 

1.19 

2.09 

0.65 

1.44 

80.7 

0.60 

20.02 

1.08 

1.89 

0.97 

0.92 

73.8 

0.26 

30.22 

0.94 

1.66 

1.61 

0.14 

56.9 

0.16 

36.67 

0.87 

1.53 

1.86 

-0.32 

40.8 

1.26 

1.26 

1063 

46.18 

7.30 

1.42 

2.48 

0.37 

2.11 

69.6 

1.10 

8.25 

1.39 

2.43 

0.48 

2.01 

69.1 

0.90 

9.99 

1.34 

2.34 

0.62 

1.82 

68.0 

0.70 

12.60 

1.26 

2.21 

0.66 

1.66 

66.9 

0.50 

16.74 

1.16 

2.03 

0.93 

1.10 

61.6 

0.30 

23.42 

1.06 

1.86 

1.37 

0.46 

68.2 

0.10 

Z6.62 

0.91 

1.60 

2.09 

-0.49 

27.0 

1.00 

1.00 

1288 

39.34 

7.30 

1.44 

2.63 

0.46 

2.08 

68.3 

0.90 

8.02 

1.43 

2.60 

0.50 

2.00 

51.9 

0.80 

8.94 

1.40 

2.45 

0.66 

1.69 

51.4 

0.70 

10.07 

1.37 

2.40 

0.64 

1.76 

50.6 

0.60 

11.62 

1.33 

2.32 

0.74 

1.58 

49.6 

0.60 

13.36 

1.28 

2.25 

0.89 

1.36 

47.9 

0.40 

15.87 

1.22 

2.14 

1.12 

1.02 

46.3 

0.30 

19.13 

1.16 

2.03 

1.35      0.68 

41.3 

0.20 

23.59 

1.10 

1.93 

1.61 

0.32 

34.7 

0.10 

29.99 

1.03 

1.80 

2.10 

-0.30 

88.7 

0.80 

0.80 

1480 

36.25 

7.70 

1.46 

2.54 

0.56 

1.99 

41.4 

0.70 

8.64 

1.43 

2.50 

0.63 

1.87 

40.9 

0.60 

9.85 

1.40 

2.46 

0.73 

1.72 

40.1 

0.60 

11.44 

1.35 

2.37 

0.88 

1.49 

38.9 

0.40 

13.56 

1.30 

2.28 

1.10 

1.16 

37.1 

0.30 

16.51 

1.23 

2.16 

1.35 

0.80 

33.9 

0.20 

20.63 

1.16 

2.04 

1.62 

0.48 

28.7 

0.10 

26.27 

1.11 

1.94 

2.15 

-0.81 

19.3 

0.60 

0.60 

1742 

30.66  ' 

8.20 

1.47 

2.58 

0.73      1.85 

30.3 

0.50 

9.46 

1.44 

2.63 

0.88 

1.65 

29.5 

0.40 

11.84 

1.39 

2.44 

1.10 

1.34 

28.2 

0.30 

13.68 

1.33 

2.33 

1.37 

0.96 

26.1 

0.20 

17.21 

1.25 

2.20 

1.66 

0.66 

82.3 

0.10 

22.44 

1.17 

2.04 

2.24 

-0.20 

15.0 

0.40 

0.40 

2176   J   24.64 

8.70 

1.60 

2.68 

1.18 

1.60 

18.4 

0.30 

10.56 

1.46 

8.63 

1.41 

1.12 

17.8 

0.20 

13.28 

1.40 

2.44 

1.72 

0.72 

14.9 

0.10 

17.60 

1.30 

2.27 

2.42 

-0.16 

10.8 

0.30 

0.30 

2492 

21.37 

9.00 

1.62 

2.66 

1.44 

1.88 

13.1 

0.20 

11.33 

1.47 

2.67 

1.77 

0.60 

11.6 

0.10 

15.06 

1.39 

2.44 

2.49 

-0.05 

8.1 
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If  equation  (b)  is  used,  not  involving  a  value  of  K,  the  speed  Sm  may 
be  obtained  from : 

375  Q 
Sm  = (d) 

TP 

Cylinder  tractive  power  at  any  other  velocity  is  obtained  from  Table 

S  of  the  Manual,  and  its  extension  for  superheated  steam  adopted  March, 
1915. 

Engine  resistances  varying  with  the  speed  are  calculated  from  Table 
7  of  the  Manual,  which  deducted  from  figures  for  cylinder  tractive  power 
at  corresponding  speeds  gives  values  of  P,  the  available  drawbar  pull  on 
a  level  grade.  Tables  of  T  and  P  for  different  speeds  are  then  computed. 
The  weight  of  train  that  may  be  handled^  on  the  ruling  grade  at  any 
given  maintained  speed,  equal  to  or  in  excess  of  "M"  velocity,  having 
been  obtained  from  equation  (1)  above,  the  speed,  S,  that  may  be  main- 
tained on  any  other  grade,  G,  is  obtained  from  the  table,  corresponding 
to  the  value  of  P  in  the  equation : 

P  =  rw  +  2oGW (11) 

where  W  =  E  -f-  w  —  weight  of  engine  and  train. 
P  =  drawbar  pull  on  a  level  grade. 
The  tractive  power  at  starting  and  at  Sm  speed  does  not  vary  with 
the  amount  of  coal  consumption,  but  the  speed  Sm  and  the  speed  at  which 
any  given  tractive  power  may  be  maintained,  varies  with  the  coal  con- 
sumption, F.  The  formulas  so  far  given  are  based  on  a  known  or  as- 
sumed value  for  F.  It  may  happen  especially  with  superheater  engines 
that  the  possible  speed  obtained'  from  equation  (11)  for  level  and  very 
light  grades,  based  on  a  given  fuel  consumption,  will  exceed  the  per- 
missible speed.  It  may  then  be  desirable  to  estimate  coal  consumption 
necessary  to  maintain  a  given  speed,  in  other  words,  to  calculate  back- 
wards : 

Ti  =  rw  +  d  -f-  20  GW (12) 

where  d  =  engine  resistance  at  the  given  speed  (Si). 

G  =  per  cent,  of  grade  (plus  for  ascending,  minus  for  descending). 
Ti=  required   cylinder   tractive  power  on   the   given  grade  at  the 
given  speed. 

100  Tj 

=  t (13) 

T 
where  t  =  per   cent,   of  cylinder   tractive   power   compared  with   that   at 
"M"  velocity. 
From  Table  5  of  the  Manual,  or  its  extension,  adopted  March,  1915. 
find   velocity,   v,    in   multiples    of    "M"    corresponding   to   the    given    per 
cent.,  t: 

KS* 

xyi= (14) 

Av 
or  for  greater  convenience  in  utilizing  Table  1 : 

KSt 
xy  = (15) 

Abv 
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ABLE  2-a 

—Showing  Variation  in  Time  and  Fuel  per  foot  of  Rise  or  Fall,  or  of  Biee  and  Fall  Combined; 

Momentum  Excluded.   Computed  for  1 

000,000  Train  Ions, 

including  Engine  Weights.  Car  Eeeietanc< 

6  lbs.  per  ton  (baaed  on  Consolidation  Engine,  Superheated  Steam;  Heating  Surface,  excluding 

Superheating  Surface,  3300  sq.ft.; 

Boiler  Pressure,  200  lbs.;  Cylinders,  22X30";  Drivers,  63"; 

Weight,  including  Tender,  173  Tons 

Coal,  11,000  B.t.u 

. ;  Consumption — Working,  3500  lbs.,  excepi 

There  less  is  required  to  maintain 

the  Limiting  Speed 

S'):  Drifting,  789  lbs  .per  hour.) 

Ruling 

Actual 

Weight 

Maintained  Speed 

Increase  for  One 

Decrease 

Incr .in 

Feet  of 

Grade 

Grade 
Percent 

of  Train 
behind 

in  M 

P.H. 

Foot 

Rise 

in  Coal 
for  1  ft 

Coal  for 
lftEise 

Rise  and 
Fall  ex- 

Percent 

Level 
Grade 

On(G) 

Time- 

Coal- 

Tender 

Hours 

Tons 

Fall Tons 

&FallTne 

cluded 

ta») 

(S) 

(w) 

fs,  ) 

(S) 

rm 

(C) 

(C,  ) 

(C-C,  ) 

(h,  -ht.) 

1.60 

1.50 

882 

35.0 

7.30 

1.30 

2.51 

0.22 

2.29 

41.0 

1.86 

8.75 

1.25 

2.44 

0.27 

2.17 

40.2 

1.00 

10.91 

1.13 

2.84 

0.34 

2.00 

38.7 

0.T6 

14.32 

0.99 

2.21 

0.45 

1.76 

35.7 

0.60 

20.02 

0.77 

2.08 

0.67 

1.41 

28.8 

0.26 

30.22 

0.32 

2.01 

0.97 

1.04 

10.9 

0.16 

35.00 

0.00 

1.97 

1.05 

0.92 

0.0 

1.26 

1.26 

1055 

35.0 

7.30 

1.34 

2.54 

0.28 

2.26 

41.0 

1.10 

8.26 

1.30 

2.50 

0.32 

2.18 

40.5 

0.90 

9.99 

1.23 

2.42 

0.39 

2.03 

39.4 

0.70 

12.60 

1.12 

2.82 

0.50 

1.82 

37.3 

0.60 

16.74 

0.96 

2.19 

0.70 

1.49 

33.1 

0.50 

23.42 

0.72 

2.11 

1.00 

1.11 

23.7 

0.10 

36.00 

0.00 

2.30 

1.28 

1.02 

0.0 

1.00 

1.00 

1288 

36.0 

7.30 

1.40 

2.57 

0.39 

2.18 

41.0 

0.90 

8.02 

1.38 

2.54 

0.43 

2.11 

40.6 

0.80 

8.94 

1.35 

2.50 

0.49 

2.01 

40.1 

0.70 

10.07 

1.31 

2.46 

0.56 

1.90 

89.8 

0.60 

11.52 

XJt6 

2.39 

0.66 

1.74 

38.2 

0.50 

13.36 

1.20 

2.33 

0.78 

1.55 

36.6 

0.40 

15.87 

1.12 

2.23 

0.98 

1.25 

84.0 

0.30 

19.13 

1.02 

2.16 

1.17 

0.98 

30.1 

0.20 

23.59 

0.90 

2.12 

1.34 

0.78 

23.4 

0.10 

29.99 

0.62 

2.19 

1.69 

0.50 

11.4 

0.80 

0.80 

1480 

36.25 

7.70 

1.45 

2.54 

0.55 

1.99 

41.4 

0.70 

8.64 

1.43 

2.50 

0.63 

1.87 

40.9 

0.60 

9.85 

1.40 

2.45 

0.73 

1.72 

40.1 

0.60 

11.44 

1.36 

2.37 

0.88 

1.49 

38.9 

0.40 

13.55 

1.30 

2.28 

1.10 

1.18 

37.1 

o.so 

16,61 

1.28 

2.15 

1.36 

0.80 

83.9 

0.20 

20.63 

1.16 

2.04 

1.62 

0.42 

28.7 

0.10 

26.27 

1.11 

1.94 

2.15 

-0.21 

19.8 

0.«0 

o.to 

1742 

30.56 

8.20 

1.47 

2.68 

0.73 

1.86 

80.8 

0.50 

9.46 

1.44 

2.53 

0.88 

1.66 

29.6 

0.40 

11.24 

1.39 

2.44 

1.10 

1.34 

28.2 

0.30 

13.66 

1.33 

2.33 

1.37 

0.96 

26.1 

0.20 

17.21 

1.25 

2.20 

1.65 

0.55 

22.3 

0.10 

22.44 

1.17 

2.04 

2.24 

-0.20 

15.0 

0.40 

0.40 

2176 

24.64 

8.70 

1.50 

2.62 

1.12 

1.50 

16.4 

0.80 

10.56 

1.46 

2.53 

1.41 

1.12 

17.2 

0.20 

13.28 

1.40 

2.44 

1.72 

0.72 

14.9 

0.10 

17.60 

1.30 

2.27 

2.42 

-0.16 

10  .2 

0.30 

0.30 

2492 

21.57 

9.00 

1.52 

2.66 

1.44 

1.28 

18.1 

0.20 

11.33 

1.47 

2.67 

1.77 

0.80 

11.6 

0.10 

15.05 

1.39 

2.44 

2.49 

-0.05 

8.1 
... 
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where  y==  value  in  last  column  of  Table  i  of  Manual  (edition  of  1911), 
under  "10,000  B.  t.  n." 
b  =  heat  units  in  the  coal  divided  by  10,000. 

The  first  and  last  columns  of  Table  1  multiplied  together  give  values 
of  xy,  or  lbs.  steam  per  square  foot  of  heating  surface  for  10,000  B.  t.  u. 
coal,  and  should  be  added  as  another  column  to  Table  r. 

From  the  value  of  xy  obtained  from  equation  (15)  take  the  corre- 
sponding value  of  x,  column  1 : 

F  =  Ax (16) 

which  is  the  required  coal  consumption  per  hour. 

Table  2  of  Report  on  Economics  of  Railway  Location  (Vol.  16,  No. 
172,  December,  1914)  is  to  be  added  to  Table  4  of  the  Manual  to  provide 
for  superheated  steam.  It  shows  16.62  lbs.  of  steam  per  I.  H.  P.  from 
velocity  of  6.5  M  to  8.0  M,  the  last  given  in  the  table.  Therefore,  in  de- 
fault of  better  information,  we  can  use  the  same  amount  of  steam  per 
I.  H.  P.  for  extending  Table  3  of  the  Bulletin,  which  is  to  be  added  to 
Table  5  of  the  Manual,  or  for  values  of  v  greater  than  6.5,  we  have 

144.4 
t  = (17) 

v 

To  provide  for  rates  of  coal  consumption  less  than  0.8  lbs.  per  square 
foot  of  heating  surface  per  hour,  Table  1  of  the  Manual  must  be  extended 
backwards.  Designating  the  first  and  last  columns  of  Table  1  by  the 
letters,  x  and  y,  as  above,  and  platting  the  curve  (see  Fig.  4),  it  will  be 
found  to  coincide  very  closely  with  the  equilateral  hyperbola: 

51.8  — 3.07X 

y  = (18) 

3* +  7 

The  dotted  line  shows  the  extension  of  this  curve  to  the  left.  Multi- 
plying the  values  of  x  and  y,  we  have  the  curve  xy,  or  pounds  of  steam 
per  square  foot  of  heating  surface  for  10,000  B.  t.  u.  coal  and  different 
rates  of  firing.  This  curve  passes  through  0.0  at  the  bottom  of  the  figure. 
Evidently  this  is  incorrect.  A  certain  amount  of  coal  is  consumed  while 
the  engine  is  drifting  and  maintaining  the  gage  pressure  without  using 
any  steam  in  the  cylinders. 

On  page  6  of  Bulletin  148,  August,  1912,  Mr.  Shurtleff  gives  the  coal 
burned  in  drifting  from  0.263  per  square  foot  heating  surface  for  10,000 
B.  t.  u.  coal  to  0.175  for  15,000  B.  t.  u.,  with  corresponding  intermediate 
quantities.  It  is  evident  that  the  curve,  xy,  should  strike  the  base  line 
at  the  point  indicating  the  coal  consumption  for  engine  drifting. 

The  curve,  xy,  gives  the  quantity  of  steam  for  10,000  B.  t.  u.  The 
quantity  for  any  other  quality  of  coal  and  given  rate  of  firing  is  pro- 
portional to  the  heat  units.  Therefore  we  can  use  the  curve  for  xy, 
taking  note  of  this  proportion  as  in  equation  (15),  except  that  when  cal- 
culating for  11,000  B.  t.  u.,  the  curve  must  be  bent  to  strike  the  base  line 
at  0.239,  which  is  the  quantity  consumed  in  drifting,  and  at  0.188  for 
14,000  B.  t.  u. ;  as  shown  by  curves  marked  1,1  and  1.4,  and  similarly  for 
other  qualities  of  coal. 
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TABLE  2-b 

— Showing  Variation  in  Time  and  Fuel  per  Foot  of  Rise  or  Fall,  or  of  Eise  and  Fall  Combined; 

Momentum  Excluded.  Computed  for  : 

,000,000  Train  Tone,  including  Engine  Weights.   Car  Resist- 

ance 

,  6  lbs,  per  ton  (based  on  Consolidation  Engine,  Superheated  Steam;  Heating  Surface,  ex- 

eluding  Superheating  Surface,  330C 

eq.  ft.; 

Boiler  Pressure,  £00  lbs.;  Cylinders,  22x36";  Drivers, 

63"; 

Weight,  including  Tender,  172 

Tons;  Coal,  14,000  B.t.u.;  Consumption — Working,  3000  lbs. per 

hour 

,  ezeept  where  less  is  required  to  maintain  the  Limiting  Speed  (S(  );  Drifting,  6£0  lbs. per  Ex, 

Ruling 

Actual 

Weight 

Maintained  Speed 

Increase  for  One 

Decrease 

Incr.in 

Feet  of 

Grade 
(  Peroent 

Grade 
Percent 

of  Train 
behind 

in  M.P.H. 

Foot  Rise 

in  Coal 
for  1  f1 

Coal  for 
lftRise 

Rise  and 
Fall  ex- 

Level 

On  (G) 

Time- 

Coal- 

Tender 

Grade 

Hours 

Tons 

Fall -T  oi 

&FallTne 

cluded 

te,j 

(G) 

fw) 

fs, ) 

(S) 

(M) 

(C) 

(C,) 

(C-Ct) 

(h,-  ht) 

1.60 

1.60 

882 

35.0 

8.40 

1.08 

1.85 

0.17 

1.68 

40.4 

1.26 

10.07 

1.02 

1.80 

0.20 

1.60 

39.3 

1.00 

12.55 

0.92 

1.73 

0.26 

1.47 

37.3 

0.76 

16.47 

0.77 

1.62 

0.34 

1.28 

33.4 

0.50 

22.99 

0.63 

1.51 

0.52 

0.99 

24.4 

0.25 

34.54 

0.03 

1.44 

0.75 

0.69 

1.1 

0.15 

36.00 

0.00 

1.17 

0.81 

0.36   . 

0.0 

1.25 

1.25 

1053 

35.0 

8.40 

1.12 

1.88 

0.21 

1.67 

40.4 

1.10 

9.49 

1.08 

1.86 

0.24 

1.61 

39.7 

0.90 

11.60 

1.00 

1.80 

0.30 

1.50 

38.2 

0.70 

14.50 

0.89 

1.77 

0.38 

1.39 

36.6 

0.60 

19.23 

0.72 

1.61 

0.53 

1.08 

29.9 

O.SO 

26.86 

0.44 

1.54 

0.77 

0.77 

17.6 

0.10 

35.00 

0.00 

1.28 

0.94 

0.34 

0.0 

1.00 

1.00 

1288 

36.0 

8.40 

1.17 

1.92 

0.28 

1.64 

40.4 

0.90 

9.22 

1.15 

1.91 

0.31 

1.60 

39.9 

0.80 

10.29 

1.11 

1.87 

0.36 

1.62 

29.2 

0.70 

11.69 

1.07 

1.84 

0.40 

1.44 

38.2 

0.60 

13.25 

1.01 

1.79 

0.46 

1.33 

36.7 

0.60 

15.36 

0.95 

1.75 

0.66 

1.19 

34.6 

0.40 

18.24 

0.85 

1.68 

0.69 

0.99 

31.2 

0.30 

21.97 

0.73 

1.64 

0.83 

0.81 

26.0 

0.20 

27.06 

0.54 

1.62 

0.92 

0.70 

17.2 

0.10 

84.28 

0.08 

1.74 

1.05 

0.69 

1.7 

0.80 

0.80 

1478 

85.0 

8.90 

1.20 

1,98 

0.37 

1.56 

40.1 

0.70 

9.99 

1.17 

1.90 

0.42 

1.48 

39.4 

0.60 

11.39 

1.14 

1.86 

0.49 

1.37 

38.3 

0.50 

13.22 

1.08 

1.82 

0.59 

1.23 

36.7 

0.40 

15.66 

1.01 

1.77 

0.74 

1.03 

34.8 

0.30 

19.06 

0.91 

1.70 

0.90 

0.80 

30.1 

0.20 

23.68 

0.78 

1.66 

1.02 

0.64 

23.2 

0.10 

30.22 

0.52 

1.75 

1.21 

0.54 

10.9 

0.60 

0.60 

1762 

34.62 

9.30 

1.28 

1.92 

0.66 

1.36 

38.7 

0.50 

10.76 

1.26 

1.86 

0.68 

1.20 

37.7 

0.40 

12.75 

1.21 

1.81 

0.84 

0.97 

36.0 

0.30 

16.60 

1.16 

1.74 

1.05 

0.69 

33.3 

0.20 

19.53 

1.09 

1.63 

1.24 

0.39 

28.4 

0.10 

26.45 

1.04 

1.56 

1.62 

-0.06 

19.0 

0.40 

0.40 

2216 

27.68 

9.80 

1.31 

1.96 

0,-66 

1.11 

28.4 

0.30 

11.88 

1.27 

1.90 

1.08 

0.82 

21.8 

0.20 

14.96 

1.22 

1.82 

1.30 

0.62 

18.9 

0.10 

19.ee 

1.18 

1.69 

1.75 

-0.06 

13.0 

0.80 

0.30 

2568 

88.71 

10.00 

1.33 

2.00 

1.11 

0.89 

16.2 

0.20 

12.56 

1.29 

1.94 

1.86 

0.69 

14.2 

0.10 

16.68 

1.28 

1.84 

1.81 

0.03 

10.0 
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CONCLUSIONS. 

The  increase  or  decrease  in  fuel  due  to  i  ft  of  rise  or  fall  and  the 
increase  in  time  due  to  i  ft.  of  rise  may  be  quickly  estimated  from  Tables 
r,  2,  2a,  2b  or  similar  tables. 

In  using  the  tables  equivalent  rise  or  fall  should  be  considered,  the 
actual  rise  or  fall  being  corrected  for  the  difference  in  velocity  head. 

Trains  in  each  direction  should  be  considered  separately. 

Rise  and  fall  should  be  considered  separately. 

In  Tables  i  and  2,  where  the  speed  on  the  level  grade  is  the  maximum 
that  may  be  maintained,  the  increase  of  time  in  hours,  M,  times  the  rate 
of  firing  in  tons,  gives  the  increase  in  fuel,  C,  per  foot  of  rise.  This 
relation  holds  good  in  Tables  2a  and  2b,  with  ruling  gradients  not  ex- 
ceeding 0.8  and  0.6  per  cent.,  respectively.  For  heavier  ruling  gradients 
in  these  two  tables  the  calculations  involve  different  rates  of  firing  due 
to  limitations  of  speed  and  the  consequent  excess  of  power  on  level  and 
light  minor  gradients. 

The  calculations  indicate: 

(a)  For  engines  using  superheated  steam  there  is  little  variation  in 
the  amount  of  coal  per  foot  of  rise  due  to  difference  in  gradient. 

(b)  For  any  given  ruling  gradient,  character  of  fuel  and  steam 
(saturated  or  superheated),  fuel  saved  per  foot  of  fall  is  inversely  pro- 
portional to  the  grade  down  to  the  grade  of  equilibrium,  where  it  is  the 
difference  between  that  consumed  on  a  level  grade  and  drifting  at  the 
given  speed.  The  grade  of  equilibrium  is  the  sum  of  engine  and  train 
resistances  divided  by  twenty  times  the  total  weight  of  engine  and  train, 
and  varies  somewhat  with  the  ruling  gradient  and  consequent  make-up 
of  train,  and  slightly  with  the  speed.  On  gradients  less  than  the  grade 
of  equilibrium  the  fuel  saved  per  foot  of  fall  may  be  taken  as  constant 
as  in  Table  I,  or  perhaps  more  accurately,  as  shown  in  succeeding  tables, 
as  increasing  down  to  a  grade  of  o.i  per  cent.,  where,  as  a  general  aver- 
age, it  may  be  considered  as  about  balancing  the  increase  per  foot  of  rise. 


AN  EXCEPTIONAL  FLOOD. 

By  J.  L.   Campbell, 
Engineer  Maintenance  of  Way.  El  Paso  &  Southwestern  System. 

On  the  evening  of  July  19,  1915,  108  feet  of  bridge  2217  on  the 
El  Paso  &  Southwestern  Railroad,  near  Indiole,  New  Mexico,  were 
washed  out  by  a  flood  from  a  drainage  area  of  8.87  square  miles,  as 
shown  on  the  accompanying  map  showing  the  bridge,  drainage  area  and 
the  sectional  area  of  the  water. 

At  5  p.  m.  the  water  service  foreman  passed  over  the  bridge  on  a 
motor  car,  at  which  time  no  rain  was  falling  in  the  vicinity.  At  7  p.  m.  a 
westbound  freight  train  plunged  into  the  flood  through  the  washed  out 
section  of  the  bridge.    At  9  p.  m.  the  flagman  of  eastbound  passenger  train 


No.  4  crossed  the  stream  on  foot  from  the  west  to  the  east  end  of  the 
bridge  around  the  latter  and  the  wreck.  This  indicates  the  short  dura- 
tion and  Violence  of  the  rainfall  and  flood.  The  engineer,  fireman,  one 
brakeman  and  two  tramps  were  drowned,  their  bodies  afterwards  being 
found  at  points  from  12  to  15  miles  below  the  bridge.  The  train  was 
composed  principally  of  100,000-lbs.  capacity  steel  coal  and  coke  cars 
Several  of  these  cars  were  washed  down  the  water  course  to  distances 
varying  from  500  to  1500  feet  from  the  bridge.  Apparently,  the  section 
of  washed-out  bridge  was  swept  from  under  the  track  without  breaking 
the  latter.  Otherwise,  the  block  signal  to  the  east  of  the  bridge  would 
have  stopped  the  freight  train.  Evidently,  the  latter  broke  the  rails  and 
bonding,  for  passenger  train  No.  4  coming  from  the  west  was  stopped 
by  the  signal  to  the  west  of  the  bridge.     The  damming  effect  on  the  flood 
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of  the  engine  and  cars,  of  which  ten  dropped  into  the  hole,  and  the 
equivalent  sectional  area  of  the  flood  in  the  free  channel,  are  shown  on 
the  drawing.  The  equivalent  section  is  estimated  from  the  three  cross- 
sections  of  the  flood  taken  below  the  bridge.. as  shown  on  the  drawing. 
The  figures  around  the  watershed  line  and  along  the  ravines  within  the 
drainage  area  are  elevations  above  sea  level.  Altogether,  the  form  and 
configuration  of  the  drainage  area  are  such  that  the  flood  could  reach  the 
bridge  rapidly.  Rock  lies  near  the  surface  throughout  the  area,  the 
slopes  are  generally  steep,  and  little  water  would  he  absorbed  by  the 
ground.  The  accompanying  photographs  of  the  wreck  indicate  the  nature 
of  the  waterway  channel. 

Computing  the  probable  rate  of  runoff  from  the  survey  made  of  the 
flood  and  application  of  Kutter's  formula,  we  have  the  following : 

Sectional  area   700 

Wetted  perimeter  14° 

Hydraulic  mean   radius 5 

Slope    0125 

Coefficient  of  roughness 035 

Coefficient  of  velocity 57- 

Mean  velocity 14.2  ft.  per  sec. 

Discharge 9840  sec.  ft. 

Referring  to  Appendix  A  of  the  report  of  the  Roadway  Committee 
of  the  American  Railway  Engineering  Association  beginning  on  page  450 
of  the  191 1  Proceedings,  Vol.  2,  Part  3,  and  selecting  the  formulas  for 
runoff  in  second  feet  applicable  to  the  case,  we  have  rates  of  runoff  by 
the  several  authorities,  as  follows : 

Cooley   859  sec.  ft. 

Fanning 1236  sec.  ft. 

Murphy  • 1399  sec.  ft. 

C,  B.  &  Q.   Railway 2977  sec.  ft. 

Kuichling   3049  sec.  ft. 

Kutter   3839  sec.  ft. 

E.  P.  &  S.  W.  Railway 4539  sec.  ft. 

Dredge    4592  sec.  ft. 

Dickens  1 1337  sec.  ft. 

In  the  above  the  coefficient  giving  the  maximum  runoff  for  the  sev- 
eral formulas  was  selected.  The  Dickens  formula  has  five  coefficients 
ranging  from  200  to  2200  giving  discharges  varying  from  103 1  to  11,337 
second  feet.  This  formula  was  developed  in  India  to  fit  five  different 
provinces.  The  Gray  formula,  on  page  499  of  the  report  above  specified, 
is  not  included  for  the  reason  that  the  discharge  Q  is  given  in  second 
feet  per  acre  and  the  drainage  area  A  in  square  miles,  giving  a  discharge 
of  172,874  second  feet.  If  the  drainage  area  A  is  taken  in  acres,  instead 
of  square  miles,  the  formula  would  give  a  discharge  of  3862  second  feet. 
With  the  exception  of  the  Dicken's  formula,  all  the  above  give  results  less 
than  one-half  the  actual  discharge  of  the  flood  herein  described.  Some 
of  the  formulas  appear  seriously  inadequate  even  for  ordinary  floods. 
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•A  SYSTEM  FOR  STANDARDIZING  MAINTENANCE  OF 
WAY  WORK. 

By  Earl  Stimson, 
Engineer  Maintenance  of  Way,  Baltimore  &  Ohio  Railroad. 

In  the  spring  of  1911  a  movement  was  started  on  the  Baltimore  & 
Ohio  Railroad  to  standardize  maintenance  of  way  work.  From  that  time 
the  work  has  been  steadily  carried  forward,  resulting  in  the  development 
of  a  system  of  handling  maintenance  of  way  track  work,  which  has  pro- 
duced more  uniform  practices  and  increased  the  efficiency  of  the  organi- 
zation. 

This  has  been  accomplished  by  the  establishment  of  standard  sched- 
ules indicating  the  unit  performance  of  the  various  items  of  track  work 
and  by  keeping  a  daily  record  of  the  performance  of  each  gang.  The 
ratio  of  the  actual  performance  to  the  standard  schedule  is  the  measure 
of  each  gang's  effectiveness.  By  the  use  of  the  information  thus  derived 
and  through  the  establishment  of  standard  methods,  the  supervisors  have, 
month  by  month,  increased  the  output  of  the  gangs  on  their  territories. 

In  the  beginning  the  principles  of  efficiency,  as  outlined  by  various 
authors  and  experts  on  shop  practice,  were  used  in  the  formation  of  a 
system  which  would  be  applicable  to  maintenance  of  way  work.  It  was 
at  once  seen  that  several  main  features  must  be  developed  in  order  to 
secure  the  expected  benefits : 

(1)  A  method  of  equitably  distributing  the  available  force. 

(2)  Standards  for  each  item  of  maintenance  work. 

(3)  Instructions  to  foremen  to  enable  them  to  submit  accurate 
reports  of  performances. 

(4)  Closer  supervision  by  means  of  planning  and  dispatching  the 
work  in  advance. 

(5)  Simple  forms  for  the  notation  of  records  and  performances,  and 
for  comparison  of  results. 

(6)  A  reward  in  the  form  of  a  bonus  as  an  incentive  to  the  worker 
to  increase  his  output. 

The  Philadelphia  Division  was  selected  as  the  division  best  suited 
for  making  the  necessary  studies  and  working  out  the  system.  It  was 
manifestly  impossible  for  the  supervisors  to  handle  special  work  of  this 
kind  together  with  their  regular  duties ;  therefore,  each  supervisor  was 
given  an  assistant,  who  is  required  to  devote  practically  his  entire  time  to 
the  study  of  standard  schedules  and  methods,  to  the  recording  and  study 
of  performances  and  to  personal  instruction  of  the  foremen  in  regard 
to  standard  practice,  etc.,  but  not  in  regard  to  the  conduct  of  the  work. 

The  assistant  supervisors  are  all  graduates  of  technical  schools,  se- 
lected from  transitmen  on  the  engineering  corps,  and  are  eligible  for  pro- 
motion to  the  position  of  supervisor  or  Assistant  Division  Engineer. 
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For  the  first  two  years  the  work  was  confined  to  the  Philadelphia 
Division.  By  the  spring  of  1913  a  system  had  been  worked  out  which 
was  giving  results  warranting  its  further  extension.  This  was  done,  and 
at  the  present  time  the  Standard  Track  Work  System  is  in  operation 
on  four  divisions.  On  two  of  these,  however,  it  is  applied  to  only  one 
subdivision. 

The  forms,  charts,  etc.,  which  are  shown  in  the  following  illustra- 
tions, and  the  methods  of  applying  them,  are  those  now  in  use  and  have 
been  developed  from  investigation  and  trial,  some  of  them  being  very 
different  from  those  first  tried. 

While  the  development  of  this  system  has  been  mainly  along  the  line 
of  track  work,  its  principles  are  equally  applicable  and  readily  adaptable 
to  bridge,  building  and  signal  maintenance  and  renewal  work. 

FORCE  DISTRIBUTION. 

One  of  the  many  features  contributing  to  uniform  maintenance  con- 
ditions is  an  equitable  distribution  of  the  available  force  to  the  various 
sections.  This  has  been  arrived  at  by  accurately  computing  the  equiva- 
lent mileage  of  each  section,  and  from  a  monthly  inspection  of  the  ter- 
ritory to  determine  the  condition  per  cent,  of  the  principal  items  of 
maintenance  work.  From  this  percentage  and  the  equivalent  mileage  the 
equated  mileage  is  computed  for  each  section,  and,  this  is  directly  pro- 
portional to  the  number  of  men  required.  For  this  purpose  two  forms 
are   used: 

Fig.  1 — "Record  of  Track  and  Roadbed  Features." 

Fig.  2 — "Track  Condition   Sheet." 

The  track  and  roadbed  feature  sheet  has  a  number  of  blank  columns 
at  the  right  for  recording  the  monthly  condition  per  cent,  equated  mile- 
age and  force  allotment.  In  this  way  one  sheet  will  serve  for  a  period 
of  six  months,  provided  there  are  no  changes  in  the  physical  character- 
istics of  the  sections. 

The  relative  values  assigned  to  various  track  and  roadbed  features 
have  been  arrived  at  from  records  of  past  charges  to  these  features,  ex- 
tending over  a  period  of  years. 

The  column  headed  "Arbitrary  Mileage"  is  provided  to  cover  un- 
usual conditions  not  elsewhere  provided  for.  For  instance,  on  a  section 
having  track  pans,  the  track  at  the  pans  requires  additional  work,  which 
is  a  constant  factor  and  may  be  equivalent  to  an  additional  0.5  mile  of 
main  track.  In  this  case  0.5  mile  would  be  allowed  as  arbitrary  mileage. 
Likewise,  arbitrary  mileage  is  allowed  to  cover  special  maintenance  due 
to  poor  subgrade  until  such  conditions  can  be  permanently  corrected. 

The  Track  Condition  Sheet  is  prepared  monthly  and  is  based  on  a 
careful  inspection  of  the  road,  the  condition  per  cent,  being  the  estimate 
of  the  existing  condition  as  compared  with  the  standard  of  maintenance 
at  which  it  is  desired  to  maintain  the  line  of  road  under  consideration. 

In  order  to  arrive  at  a  more  nearly  correct  result  than  would  be 
obtained   bv  an  estimate  of  the  condition   of   the   entire  section,   six   di- 
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visions  of  the  general  maintenance  work  have  been  made  and  each  given 
a  relative  value  based  on  the  charges  to  these  accounts  for  a  number 
of  years.  An  estimate  is  made  of  the  condition  of  each  of  these  items  on 
each  section,  and  this,  multiplied  by  the  relative  value,  gives  a  calculated 
per  cent.,  the  total  of  which  is  the  condition  per  cent,  of  the  section. 
The  equivalent  mileage  divided  by  the  condition  per  cent,  gives  the 
equated   mileage,   which   directly   represents  the   required   force. 

STANDARD   SCHEDULES. 

Standard  schedules,  or  units  of  performance,  are  established  with 
great  care,  as  it  is  essential  that  they  be  correct  and  that  the  organization 
of  the  gang  and  method  of  doing  the  work  is  the  best  that  can  be 
worked  out. 

The  standard  performance,  or  ioo  per  cent,  efficiency,  is  the  output  of 
a  first-class  gang  working  at  a  speed  which  can  be  continuously  main- 
tained without  physical  harm  to  the  men,  following  an  approved  method 
of  doing  the  work  and  consisting  of  the  most  economical  number  of 
men  for  the  kind  of  work  to  be  done. 

To  arrive  at  the  ioo  per  cent,  standard,  first-class  gangs  are  selected 
and  detail  time  studies  made  of  the  performance,  the  time  studies  being 
divided  into  as  many  moves  and  as  much  detail  as  possible  in  order  that 
the  various  studies  may  be  compared  in  detail  and  a  standard  method 
worked  out  which  will  eliminate  all  unnecessary  moves.  If  it  appears 
that  an  improvement  can  be  made,  the  organization  of  the  gang  and  the 
method  of  doing  the  work  is  altered  and  new  studies  made.  When  the 
most  satisfactory  organization  and  method  has  been  found,  a  final  detail 
study  is  made  of  the  performance  of  the  gang  and  this  is  established  as 
ico  per  cent,  efficiency  and  issued  as  a  standard  schedule. 

In  this  way  schedules  have  been  established  for  all  of  the  more  im- 
portant items  of  maintenance  work  and  many  of  the  minor  items  are 
now  being  studied  with  a  view  to  standardizing  practically  every  item 
of  maintenance  work. 

For  uniformity,  all  the  schedules  are  reduced  to  a  unit  of  perform- 
ance per  ten  hours,  and  all  represent  a  performance  which  has  been 
attained. 

It  was  at  first  thought  that,  owing  to  the  wide  variation  in  condi- 
tions, there  would  be  a  number  of  items  of  work  for  which  it  would  be 
impossible  to  work  out  standard  schedules,  but  the  study  of  performances 
has  developed  a  remarkable  uniformity  in  the  output  of  gangs  working 
under  apparently  widely  varying  conditions,  and  there  are  relatively  few 
items  of  maintenance  work  which  cannot  be  standardized.  In  cases  where 
one  standard  schedule  cannot  be  made  to  apply,  as.  for  example,  in  ditch- 
ing, a  schedule  is  made  for  the  individual  iob  and  is  based  either  on 
previous  records,  performances  under  similar  conditions,  or  observations 
after  the  work  is  started.  For  individual  pieces  of  work  of  this  kind  the 
supervisor,  after  careful  consideration  and  planning  of  a  method  to  be 
followed,  establishes  a  schedule  or  standard  of  output  for  ico  per  cent, 
efficiency,  and  the  foremen's  reports  are  graded  on  this  basis. 
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Going  to  and  from  work  and  clearing  the  track  for  passing  trains 
represents  considerable  lost  time  which  is  beyond  the  control  of  the 
foreman  and  men.  This  lost  time  is  classed  as  detention,  and  studies 
made  to  determine  the  amount  of  detention  show  that  road  sections  aver- 
age about  10  per  cent.  Therefore,  in  grading  the  foreman's  reports  for 
comparison  with  the  standard  schedule,  a  credit  of  10  per  cent,  is  allowed 
for  detention.  On  terminal  and  yard  sections  the  detention  is  usually 
much  more;  in  some  cases  25  per  cent.  Sections  of  this  character  are 
treated  individually  and  a  study  of  the  detention  on  each  section  made. 

Figs.  3  and  4  are  a  reproduction  of  pp.  107  and  109  of  the  book  of 
Standard  Schedules.  Page  107  gives  the  standard  method  of  tie  renewals 
when  track  is  not  raised ;  page  109  shows  the  detail  time  distribution 
and  the  unit  rate  per  ten  hours. 

TIES.  Page  107. 

METHOD   OF   RENEWAL. 

TRACK   NOT   RAISED. 

Men  work  in  pairs,  each  starting  at  end  of  cribs  and  digging  ballast 
out  of  cribs  adjacent  to  ties  to  be  renewed.  Spikes  are  then  drawn  and 
old  tie  is  worked  into  open  crib  and  pulled  out  of  track.  New  bed  is 
prepared  and  new  tie  slipped  into  place  with  tie  tongs.  One  man  then 
holds  tie  close  up  to  rail  by  means  of  bar,  and  other  spikes :  each  thor- 
oughly tamp  both  sides  each  end  of  tie  outside  of  rail  and  18  in.  inside. 
Ballast  is  cleaned  and  returned  to  cribs,  dressing  shoulder. 

Not  less  than  two  weeks  after  renewal,  tie  should  be  thoroughly  re- 
tamped. 

In  pulling  new  ties  into  place,  the  practice  of  digging  picks  into  face 
of  tie  and  so  working  it  into  place  must  not  be  allowed.  Tie  tongs  are 
provided  for  this  purpose. 

Fig.  3- 

TIES.  Page  109. 

TIME   DISTRIBUTION   OF   RENEWALS. 

TRACK    NOT  RAISED. 

Stone  Gravel  Cinder 

Ballast  Ballast  Ballast 

Minutes.  Minutes.  Minutes. 

Cribbing  out 18  10  10 

Drawing  spikes  3  3  3 

Removing  old  tie 2  2  2 

Preparing  new  beds 3  3  3 

Carrying  tie  100  ft 2  2  2 

Placing  new  tie 2  2  2 

Spiking  to  gage 4  4  4 

Tamping •  •  •  13  8  8 

Cleaning   ballast   and    redressing  cribs 

and  shoulder  (very  dirty) 20  3  3 

Carrying  old  ties  50  ft.  and  piling  for 

burning    2  2  2 

Foreman 6  4  4 

Total  minutes  for  one  tie 75  43  43 

Rate,  ties  per  10  hours 8  14  14 

If  any  of  the  above  items  are  not  performed  subtract  corresponding 
time  with  an  allowance  for  supervision  from  totals  and  figure  rate  per 
10  hours. 

Fig.  4 
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Form    952. 
THE  BALTIMORE  AND  OHIO  RAILROAD  COMPANY. 

MAINTENANCE  OF  WAY  DEPARTMENT. 


DAILY  REPORT  OF  LAROR  j  E^  j  No. 2.1 

July  srrf. 

191  K 

NAME  OF  EMPLOYE. 

Brass 
Check. 

OCCUPATION. 

Rate 
of  Pay. 

Houbs. 

Status. 

John  Mitchell 

Foreman 

$74.0.0 

10... 

Janes  Brown 

327 

Laborer 

1.50 

.     10 

Henry  Smith 

328 

11 

1.50 

.1.0... 

Joe  Hlnes 

329 

11 

.  .1.5.0 

.1.0..... 

WnilAjr    Sr.ntt 

330 

„ 

.  ...X.50 

10 

John  llilea 

331 

11 

1,50 

1Q 

Henr3.Ml.ller... 

332. 

» 

1*5.0. 

iq 

He.nry...Ia.7lor. 

333 

n 

1*5.0 

ip 

Joe  Scott 

334 

it 

1«5P 

...  10.  . 

Total  Horaa,              90 

KIND  OF  WORK  DONE. 

Tract. 

Maim. 

Side. 

Work  Order  Ho.  47 

Renewed  24  ties,  with  plates 

25 

Surfaced  240  ;ft.  track,,  raised  2" 

45_ 

JgesEa.s.e.d. 10ft  ttaa'     _ 

20 



Total  Hours, 

90 

1N8TBCCT10NS: 


...L»lgm.dllJauu^faaifii- 


Fore  nun. 

be  prepared  In  duplicate  after  eloe*  of  work  each  day-    Mail  ORIGINAL  to  Divieion  Engineer  and  DUPLICATE  to  6opervieor  on  first  train. 
1  — -t  be  pea  a  Brass  Cheok  Number. 

check  with  Foreman's  Pocket  Tune  Book. 

"  then  drop  his  name  frvro  the  report.    Alao  state  why  lime  if  Bvt  reported  (or  every  man  •till  in  the  seme*. 


4.  Under  ■'STATUS' 

5.  Distribution  of  labor  must  check 

0.  State  clearly  kiod  of  work  done.    Show  locati 


1  (or 


Fig.  5- 
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The  detail  time  distribution  is  essential  for  correctly  grading  the 
foreman's  daily  reports.  If  all  of  the  details  of  work  shown  are  per- 
formed, then  the  unit  performance  for  ioo  per  cent,  efficiency  for  tie 
renewals  in  stone  ballast  is  eight  ties  per  ten  hours.  If,  however,  some 
of  the  items  are  omitted,  as  is  the  case  when  a  gang  cleaning  ballast  im- 
mediately follows  the  tie  renewal  gang,  then  the  work  of  cleaning  ballast, 
filling  the  cribs  and  dressing  the  shoulder  is  performed  by  the  following 
gang,  in  which  case  the  tie  schedule  is  corrected  by  omitting  this  item, 
which  makes  the  unit  rate  n  ties  per  10  hours,  instead  of  8  ties  per  io 
hours. 

It  will  be  noted  from  Fig.  4  that  the  new  tie  may  be  carried  100  ft. 
and  the  old  tie  50  ft.  If  ties  are  moved  more  than  this  distance,  they 
must  be  trucked,  in  which  case  the  foreman  makes  a  separate  distribution 
of  the  time  so  consumed,  charging  it  to  "trucking,"  which  is  covered  by 
another  schedule. 

As  stated  above,  all  of  the  principal  items  of  track  work,  and  most 
minor  items,  have  been  covered  by  detail  time  distribution  schedules  as 
illustrated  by  page  109  (Fig.  4). 

INSTRUCTIONS  TO  FOREMEN. 

To  form  an  accurate  comparison  of  the  performance  of  various 
gangs,  absolute  uniformity  in  the  reports  submitted  by  the  foremen  is 
necessary.  Owing  to  the  difficulty  experienced  by  foremen  in  preparing 
reports,  it  is  desirable  to  make  all  forms  used  by  them  as  simple  as 
possible. 

Form  952,  illustrated  by  Fig.  5,  is  a  daily  labor  report  which  has  been 
in  use  over  the  Baltimore  &  Ohio  System  for  a  number  of  years.  This 
form  proved  to  be  well  suited  to  the  reports  required  in  connection  with 
the  Standard  Track  Work  System,  no  change  being  necessary  and  no 
additional  report  required  of  the  foremen. 

It  is,  however,  necessary  that  the  distribution  shown  on  the  daily 
labor  report  be  made  with  considerable  care,  so  that  each  item  of  work 
may  be  correctly  graded.  To  secure  this  result  detail  instructions  gov- 
erning the  distribution  and  reporting  of  time  charges  are  issued.  To 
insure  a  correct  understanding  of  the  instructions,  each  supervisor  called 
a  special  meeting  of  his  foremen,  at  which  time  the  instructions  were 
explained  and  discussed  item  by  item.  In  addition  to  this,  the  assistant 
supervisor,  as  he  goes  over  his  territory,  personally  instructs  the  foremen 
and  sees  that  the  reports  are  correctly  prepared. 

Following  are  the  instructions  above  referred  to : 
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The    Baltimore    and    Ohio    Railroad    Company — Maintenance   of   Way    Depart- 
ment. 

Instructions  for  Reporting  and  Distributing  Track  Work  Time  Charges. 
To  be  used  in  connection  with  the  Standard  Track  Work  System. 


Kind  of  Work. 


Lining 

(Acct.  220-e) 
Surfacing 

(Acct.  220-e) 


Gaging 

(Acct.  220-e! 

Laving  Rail 
(Acct.  220-c) 


Replacing  Broken 
and  Defective  Rai 
(Acct.  220-c) 


Replacing  Raif 
Joints. 

(Acct.  220-d) 
Tightening  and 
Replacing  Bolts. 
(Tightening  bolts 
Acct.  220-e) 
Replacing  bolts, 

(Acct.  220-d) 
Renewing  Cross  Ties 
(Digging  in) 
(Acct.  220-b) 


Manner  of  Reporting. 

SINGLE  OPERATIONS. 


Items  to  be  Included. 


State  feet  of  track  lined  and 
whether  main  or  side  track. 

State  total  number  of  ties 
tamped  and  feet  of  track  sur- 
faced, whether  tamping  one  or 
both  ends  of  ties,  and  if  main 
or  side  track. 

State  number  of  ties  gaged, 
whether  with  or  without  adz- 
ing, and  if  main  or  side  track. 

State  amount  laid  in  feet  wheth- 
er new  or  repair  and  if  laid  in 
Main  Track  or  Siding.  State 
time  placing  plates  and  number 
of  plates.  Make  separate  re- 
port of  time  distributing  rail, 
new  or  repair  and  loading  rail 
removed . 


State  number  of  rails  and  length 
and  whether  new  or  repair. 
Show  time  trucking  and  dis- 
tance trucked. 


State  number,  kind  of  joint  and 
number  of  holes. 

Stats  number  of  bolt  s  tightened, 
number  renewed  and  on  which 
track. 


State  number  of  ties;  with  or 
without  plates;  kind  of  ballast 
and  whether  m  lin  or  side 
traeks.  If  trucking  shaw  num- 
ber of  ties  and  distance  trucked. 


Respacing  Ties 
(Acct.  220-e) 
Renewing  Switch 
Ties 
(Acct.  220-b) 


Replacing  Frog 
(Acct.  220-d) 


Replacing  Switch 
(Acct.  220-d) 


State  number  of  ties  and  kind  of 

ballast. 
State  number,  length,  kind  of 

hallast  and  whether  main  or 

side  track. 


State  weight  of  rail,  frog  number 
and  location.  Show  time  truck- 
ing and  distance  trucked. 

State  weight  of  rail,  length  of 
points  and  location.  Showtime 
trucking  and  distance  trucked. 


Breaking  down  shoulder,  lining  track,  re- 
placing and  dressing  ballast. 

Cribbing  out,  tamping,  replacing  and  dress- 
ing ballast. 


Pulling  spikes 
gage. 


adzing  and   respiking   to 


Pulling  spikes,  lining  out  old  rail,  adzing, 
lining  in  new  rail,  putting  on  rail  joints, 
full  bolting,  full  spiking  to  gage,  uncoup- 
ling old  rail,  trucking  material,  flagmen 
and  water  boy. 

Time  consumed  removing  old  plates  and 
placing  new  plates  to  be  leported  separ- 
ately. 

Separate  report  to  be  made  of  time  con- 
sumed unloading. 

Pulling  spikes,  lining  out  old  rail,  adzing, 
lining  in  rail,  new  or  repair,  putting  on 
rail  joints,  full  bolting,  full  spiking  to 
gage  and  flagmen.  If  plates  are  changed 
make  separate  charge,  also  separate  time 
consumed  loading,  unloading  and  truck- 
ing rail. 

Removing  old  bolts  and  joint;  placing  new 
joint  and  full  bolting. 

Removing  old  bolts,  putting  in  and  tight- 
ening new  bolts  and  tightening  old  bolts. 


Carrying  new  tie  if  less  than  100  feet, 
cribbing  out,  removing  plates,  removing 
old  tie,  placing  new  tie,  replacing  plates, 
timping,  cleaning  ballast  and  refilling 
cribs,  dressing  ballast,  carrying  and 
piling  old  tie  for  burning  if  less  than  50 
feet.  If  new  tie  is  moved  more  than  100 
feet  or  old  tie  is  moved  more  than  50 
feet,  separate  time  consumed  loading, 
unloading  and  trucking. 

Cribbing  out,  driving  tie  to  place,  tamp- 
ing, replacing  and  dressing  ballast. 

Cairying  new  tie  if  less  than  100  feet, 
cribbing  out,  removing  plates,  removing 
old  tie,  placing  new  tie,  replacing  plates, 
tamping,  cleaning  ballast  and  refilling 
cribs,  dressing  ballast  carrying  and  piling 
old  tie  for  burning  if  less  than  50  feet. 
If  new  tie  is  moved  more  than  100  feet 
or  old  tie  moved  more  than  50  feet,  sep- 
arate time  consumed  loading,  unloading 
and  trucking. 

Removing  old  frog  and  plates,  placing 
new  frog  and  plates,  full  spiking,  and  flag- 
ging. Separate  time  consumed  loading, 
unloading  and  trucking. 

Removing  old  switch,  placing  and  bolting 
new  switch,  adjusting  and  flagging.  Sep- 
arate time  consumed  loading,  unloading 
and  trucking. 
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Kind  of  Work. 


Replacing  Guard 
Rails 

(Acct.  220-d) 


Replacing  or 
Installing  Guard 
Rail  Clamps 
(Acct.  220-d) 
Installing  Tie 
Plates 

(Acct.  220-d) 
Installing  Anti- 
Creepers 

(Acct.  220-d) 
Replacing  Other 
Track  Material  not 
Specified  above 

(Acct.  220-d) 
Cleaning  Switches 

(Acct.  220-b) 
Cleaning  Snow  and 

(Acct.  272) 
Cleaning  Weeds. 

(Acct.  202-b) 
Cleaning  Right 

of  Way 

(Acct.  202-b) 
Mowing 

(Acct.  202-b) 
Ditching 

(Acct.  202-d) 


Patrolling 

(Acct.  202-e) 

Trucking 
(Acct.  220) 

Loading  and 
Unloading 
(Acct.  220) 
Wasting  Slag  and 
Refuse 
(Acct.  202-g) 

Cleaning  Ballast 
(Screens  or  Forks) 
(Acct.  202-b) 


Manner  of  Reporting. 

SINGLE  OPERATIONS. 


Items  to  be  Included. 


State  weight  of  rail,  length  of 
guard  rail,  number  of  clamps, 
whether  plated  or  un-plated 
and  location.  Show  time 
trucking  and  distance  trucked. 

State  whether  replacing  or  in- 
stalling, number  of  clamps  and 
make.  Show  time  trucking 
and  distance  trucked. 

State  number  of  plates.  Show 
number  of  plates  and  distance 
trucked. 

State  number  and  kind.    Show 

.  number  of  anti-creepers  and 
distance  trucked. 

State  amount  and  kind.  If 
trucking  show  amount  of  ma- 
terial and  distance  trucked. 

State  number  cleaned. 

State  number  of  switches 

cleaned.    Make  separate  report 

for  cleaning  platforms. 
State   number  of  feet   cleaned 

and  kind  of  ballast. 
State,  amount  cleaned  by  feet  of 

track  and  give  location. 

State  amount  mowed  by  feet  of 
track  and  give  location. 

State  location,  amount  in  feet 
and  method. 


State  distance  covered  in  miles 


State  amount  and  kind  of  mater- 
ial and  distance  trucked. 

State  amount  and  kind  of  mater- 
ial and  kind  of  car  whether 
box,  flat  or  gondola. 

State  kind  of  car,  number  of  cars 
unloaded  and  location. 


State  number  of  cribs,  feet  of 
shoulder  and  feet  of  center 
ditch    cleaned. 


Removing  clamps,  removing  old  guaid 
rail,  placing  new  guard  rail,  replacing 
clamps  and  flagging.  Separate  time  con- 
sumed loading,  unloading  and  trucking. 

Removing  old  clamps  and  placing  new. 


Pulling  spikes,  adzing,  placing  plates  and 
spiking  to  gage.  Separate  time  con- 
sumed loading,  unloading  and  trucking. 

Moving  ballast,  installing  anti-creeper  and 
tightening.  Separate  time  consumed 
loading,  unloading  and  trucking. 

All  operations  required  to  remove  old 
material  and  install  new.  Separate  time 
consumed  loading,  unloading  and  truck- 
ing. 

Include  time  cleaning  frog,  switch  and 
derail. 

Include  time  cleaning  frog,  switch  and 
derail. 

Removing  weeds  from  ballast  and  scuff- 
ing shoulder. 

Removing  miscellaneous  scrap,  drift,  dirt 
and  other  material  from  tracks  and  right 
of  way. 

Cutting  and  disposing  of  brush,  grass, 
weeds,  etc. 

Constructing  or  cleaning  tile  or  open 
ditches.  Include  time  placing  and  re- 
moving plank  for  trucking,  laying  and 
removing  track  for  ditching  cars,  load- 
ing, tiucking  and  unloading  dirt.  If 
steam  ditcher  is  used  special  report  to 
be  made. 

When  track  walker  is  tightening  bolts  or 
doing  other  work  while  patrolling  make 
separate  charge. 

Loading,  unloading,  trucking  and  flagging. 
(Any  material  handled  on  hand,  push  or 
motorcars.) 

LTnloading,  carrying  and  piling  material 
or  carrying  and  loading  material. 

Unloading  and  spreading  slag  and  refuse. 
If  tracks  are  thrown  or  raised  in  connec- 
tion with  unloading  make  separate  dis- 
tribution of  time. 

Removing  ballast  from  shoulder,  cribs 
and  center  ditch,  cleaning  with  forks  or 
screens,  replacing  cleaned  stone,  dressing 
ballast  and  disposing  of  refuse. 
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Kind  of  Work.  Mariner  of  Reporting. 

COMBINED  OPERATIONS. 


Items  to  be  Included. 


Ballasting 
(Preparing  roadbed 
and    applying    bal- 
last Acct.  220-a 
Applying  ties 
Acct.  220-b) 


Distribute  time  to  the  following 
items: 

Feet  of  track  stripped.  Feet  of 
roadbed  prepared,  number  of 
ties  renewed,  number  of  ties 
respaced,  feet  of  tiack  ballast 
unloaded  and  number  of  cars, 
feet  of  first  raise,  feet  of  second 
raise,  feet  lined,  feet  of  track 
dressed,  quantity,  kind  of  ma- 
terial and  distance  trucked. 


Stripping  track: — Digging  out  and  dispos- 
ing of  old  ballast  from  cribs,  center  ditch 
and  shoulders  (If  old  ballast  is  used  to 
build  standard  roadbed  section,  charge 
second  handling  to  (Preparing  Roadbed). 

Preparing  Roadbed: — Widening  and  pre- 
paring subgrade  to  receive  ballast. 

Renewing  Ties: — Carrying  new  tie  if  less 
than  100  feet,  removing  old  tie,  carrying 
50  feet,  and  piling  for  burning,  placing 
new  tie,  placing  plates,  spiking  to  gage, 
temporary  surface  and  flagging. 

Respacing: — Cracking  up  spikes  driving 
ties  to  place  and  driving  down  spikes. 

Unloading  Ballast: — Releasing  ballast 
cars. 

First  Raise:— 'Jacking  up  track  4'  to  6' 
tamping  and  flagging. 

Second  Raise: — Jacking  up  track  4 '  to  6 ' 
tamping  to  final  surface  and  flagging. 

Lining: — Throwing'' to  standard  centers 
and  detail  lining. 

Dressing: — Dressing  center  ditch  and 
shoulders  to  standard  section. 

Renewing  Ties: — Carrying  new  tie  if  less 
than  100  feet,  cribbing  out,  removing 
plates,  removing  old  tie,  placing  new  tie, 
replacing  plates,  canying  and  piling  old 
tie  for  burning  if  less  than  50  feet. 

Respacing: — Driving  tie  to  place. 

Surfacing: — Cribbing,  jacking  up  track, 
tamping  and  flagging. 

Lining:— Breaking  down  shoulder,  lining 
track,  replacing  and  dressing  ballast. 

Dressing  Ballast: — Unloading  ballast  to 
refill  cribs,  dressing  cribs,  shoulder  and 
center  ditch. 

Separate  distribution  of  time  must  be  made  for  any  items  of  work 
not  covered  by  the  above  list. 

Time  charges  for  one  item  must  not  run  over  into  the  charge  for 
another  item. 

For  instance,  in  surfacing  if  there  is  any  lining  or  gaging,  a  careful 
separation  must  be  made  to  each  class  of  work  and  not  lumped  as  sur- 
facing. 

The  time  consumed  loading,  unloading  and  trucking  material  is  in  all 
cases  included  in  the  cost  of  applying  the  material,  but  a  separate  distribu- 
tion of  the  time  consumed  on  this  work  must  be  made. 

The  time  flagging  must  in  all  cases  be  charged  to  the  work  being 
protected. 


Surface  and  Raise 
Out  of  Face  and 
Renewing  Ties 
(Applying  ties 

Acct.  220-b 
Surfacing  track 

Acct.  220-c) 


State  number  ties  renewed, 
:  number  of  ties  respaced,  feet 
of  track  surfaced,  feet  of  track 
lined  and  feet  of  track  dressed. 
If  ties  are  trucked  state  num- 
ber and  distance  trucked. 


PLANNING  AND  DISPATCHING. 

In  order  to  outline  the  order  of  the  work  and  to  assign  it  to  the 
gangs  to  follow  in  sequence,  so  as  to  reduce  the  loss  of  time  consumed 
by  unnecessary  movement  of  the  gangs  from  place  to  place,  a  system  of 
planning  and  dispatching  the  work  has  been  devised. 

The  Planning  sheet  is  shown  by  Fig.  6,  one  sheet  being  used  for  each 
section. 
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WORK 

ORDER 

Location  of  Work 

Till  till 

OUTLINE  OF  WORK 

Track 

from 

To 

Utsaort 

Raise  2",  surface,  respace,  renew  ties 

and  dress  ballast. 

WB 

66.5 

67 

800 

Coramenoe  this  work  July  1st,  working 



east  from  M.P.   67. 

Order  M».....47. 

Hour 
Work  Started 

Data 
19.... 

Junft.aQ* 19.1.5.. 

(signed)  William  Smith, 

Suoorvioor 

Work  Finished 

19... 

Fig.  7. 
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Early  in  the  spring  the  program  of  work  for  the  season  is  decided 
upon  and  charted  in  yellow.  Thereafter,  as  the  work  progresses  and  new 
monthly  sheets  are  prepared,  the  completed  work  is  shown  in  green  and 
the  monthly  program  shown  in  red.  A  few  days  before  the  close  of  the 
month  the  Division  Engineer  calls  a  meeting  of  the  supervisors  for  the 
purpose  of  planning  the  work  of  the  coming  month.  The  work  to  be 
done,  the  location  and  the  relative  order  in  which  it  is  to  be  undertaken 
is  decided  upon  and  shown  in  red  on  the  chart.  The  quantity  of  work  to 
be  accomplished  is  computed  from  the  standard  schedules  and  the  force 
allotted  for  the  month.  The  direction  in  which  the  work  is  to  progress, 
the  date  on  which  it  is  to  be  commenced  and  the  calculated  date  of  com- 
pletion are  shown  on  the  chart. 

The  chart  is  prepared  in  duplicate,  one  copy  to  be  retained  by  the 
Division  Engineer  and  the  other  for  the  use  of  the  supervisor.  Upon  his 
return  to  headquarters,  the  supervisor  transmits  the  program  to  the 
foreman  by  means  of  work  orders,  giving  him  the  program  for  the  entire 
month,  or  any  part  of  it,  as  he  may  see  fit.  For  this  purpose  a  work 
order,  or  dispatch  book,  is  provided.  This  is  illustrated  by  Fig.  7.  The 
book  is  bound  in  stiff-back,  notebook  form,  and  contains  100  perforated 
leaves. 

The  work  order  is  made  out  in  duplicate,  the  carbon  copy  being  filed 
on  the  dispatch  board,  which  will  be  described  later.  The  work  order 
states  the  kind,  location,  amount  of  work  to  be  done  and  the  time  to  be 
consumed;.  Upon  completion  of  the  work  the  foreman  dates  and  signs 
the  order  and  returns  same  to  the  supervisor.  The  foreman  is  given  a 
work  order  for  all  work  to  be  done.  This,  however,  does  not  relieve  him 
from  the  responsibility  of  making  unforeseen  and  emergency  repairs. 

The  percentage  of  efficiency  of  a  gang  is  not  measured  by  the  time 
reported  on  the  work  order,  as  this  is  not  in  sufficient  detail,  but  is  ob- 
tained  from  the  foreman's  daily  labor  report. 

By  reference  to  Fig.  6,  the  planning  sheet,  it  will  be  seen  that  it  is 
proposed  to  raise  the  westbound  track  2  in.,  surface  and  renew  ties  from 
M.P.  66.5  to  67.0.  The  order  transmitting  these  instructions  to  the  fore- 
man is  shown  on  the  work  order,  Fig.  7,  and  the  foreman's  daily  labor 
report  covering  the  work  accomplished  on  July  3  is  shown  by  Fig.  5. 

FORMS,  FILING  CASE  AND  DISPATCH  BOARD. 

For  the  purpose  of  recording  the  performance  of  gangs  two  forms 
are  in  use:  Fig.  8,  Daily  Record  of  Track  Work  Performance,  and 
Fig.  9,  Monthly  Record  Track  Work  Efficiency.  As  stated  above,  the 
foremen  submit  to  the  Division  Engineer  and  supervisor,  on  Form  952 
(Fig.  5),  a  daily  report  of  work  done.  The  original,  which  is  forwarded 
to  the  Division  Engineer,  is  for  the  use  of  the  clerical  force  in  making 
the  proper  distribution  of  charges.  The  carbon  copy  is  used  by  the  as- 
sistant supervisor  in  posting  the  daily  record  sheet.  For  instance,  sup- 
pose the  gang  on  Section  10  consists  of  foreman  and  9  men,  working  10 
hours  per  day,  and  the  foreman  has  a  work  order  to  renew  ties  without 
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raising  track;  then  the  schedule  under  which  he  is  working  will  be  that 
shown  by  Fig.  4,  or  8  ties  per  10  hours.  The  foreman's  daily  report  on 
Form  952,  July  3d  (Fig.  5),  shows  that  he  renewed  a  total  of  64  ties,  work- 
ing 100  hours.  The  standard  time  required  to  renew  64  ties  in  stone  bal- 
last, track  not  raised,  is  80  hours,  whereas  the  actual  time  consumed  was 
100  hours.  However,  10  per  cent,  of  this  is  consumed  by  unavoidable  de- 
lays, passing  trains,  etc.,  and  is  charged  to  "Detention,"  leaving  90  hours 
actually  devoted  to  effective  work.  Under  the  heading  of  "Renewing 
Cross-Ties,"  80  is  recorded  as  "Standard  Time,"  and  90  as  "Actual  Time," 
which  indicates  an  efficiency  of  89  per  cent. 

All  other  work  is  recorded  in  the  same  way.  The  column  headed 
"General  Miscellaneous"  is  for  recording  work  which  has  not  been  cov- 
ered by  standard  schedules,  and  such  work  is  given  an  arbitrary  rating 
of  67  per  cent.,  for  investigation  has  shown  that  work  which  has  not  been 
standardized  is  being  performed  at  an  efficiency  of  about  two-thirds  of 
what  can  be  accomplished  after  standardizing. 

In  order  to  intelligently  record  and  grade  the  foreman's  daily  re- 
ports it  is  essential  that  the  assistant  supervisor  be  familiar  with  the 
work  being  done  by  every  section  and  extra  gang  on  his  territory,  and 
this  can  only  be  accomplished  by  constant  visits  to  the  gangs  and  inspec- 
tion of  the  work,  as  many  gangs  as  possible  being  visited  every  day. 

Although  entries  of  the  standard  and  actual  hours  are  made  of  every 
gang  every  day.  the  efficiency  per  cent,  of  the  gangs  is  worked  up  only 
twice  a  month,  that  is,  the  close  of  the  semi-monthly  pay-roll  period. 
The  efficiency  per  cent,  is  arrived  at  by  totaling  the  standard  and  actual 
hours  for  every  class  of  work,  including  "General  Miscellaneous,"  but  ex- 
cluding "Detention,"  and  dividing  the  standard  by  the  actual. 

For  information  and  study  a  separation  is  made  of  the  total  scheduled 
hours,  which  is  the  work  covered  by  the  standard  schedules,  as  the  effect 
produced  by  the  inclusion  of  the  "General  Miscellaneous"  with  the  ar- 
bitrary efficiency  of  67  per  cent,  is  to  lower  the  total  efficiency.  For  this 
reason  an  effort  is  being  made  to  work  out  standards  for  every  possible 
item  of  work. 

At  the  close  of  the  month  the  "Monthly  Record  Track  Work 
Efficiency"  sheet,  shown  by  Fig.  9,  is  compiled  from  the  totals  on  the 
"Daily  Record"  sheet,  Fig.  8.  The  monthly  record  shows  the  percentage 
of  efficiency  made  by  every  gang  on  each  class  of  work,  the  average  of 
every  gang  on  all  work  and  the  averages  for  the  subdivision — in  other 
words,  an  accurate  measure  of  the  performance  of  every  gang. 

When  it  is  seen  that  some  gang  is  making  an  exceptionally  good 
record,  or  an  unusually  poor  one,  it  is  the  duty  of  the  assistant  super- 
visor to  immediately  visit  that  gang  and  make  a  study  of  its  work;  if 
an  exceptionally  good  record  is  being  made,  to  ascertain  how  the  work  is 
being  handled,  with  a  view  to  further  improvement  of  the  standard 
method,  and  if  a  poor  record  is  being  made,  to  locate  the  trouble  and 
instruct  and  assist  the  foreman  in  following  the  standard  method. 
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STANDARD  TRACK   WORK  SYSTEM 

DISPATCH  BOARD  AND  FILING  CASE 
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« 15754- 


Fig.   10. 
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Fig.  10  shows  the  standard  dispatch  board  and  filing  case  which  has 
been  installed  in  the  office  of  every  supervisor  on  whose  territory  the 
Standard  Track  Work  System  is  in  operation.  Each  drawer  of  the  filing 
case  is  equipped  with  a  name  plate,  for  posting  the  section  number  and 
foreman's  name.    In  the  drawers  are  filed  the  daily  labor  sheets,  Form  952. 

The  upright  board  is  the  dispatch  board,  and,  corresponding  to  the 
name  plate  on  the  drawer,  there  is  a  similar  name  plate  on  the  board  with 
a  hook  directly  beneath  it,  on  which  the  carbon  copy  of  the  work  order  is 
filed. 

An  inspection  of  the,  work  orders  on  the  board  shows  the  location 
of  every  gang  on  the  subdivision,  and  the  work  being  done.  A  further 
inspection  of  the  daily  labor  sheet  file  shows  the  progress  being  made  on 
the  work  covered  by  the  orders  on  file  above. 

The  long  drawer  at  the  bottom  of  the  case  is  for  the  purpose  of  filing 
the  daily  record  sheets.  The  planning  chart  for  each  section  is  kept  on 
file  in  the  drawer  with  the  daily  labor  distribution  sheets. 

THE  BONUS  FEATURE. 

A  great  deal  can  be  accomplished  by  means  of  the  standard  gang 
organizations  and  methods,  and  much  more  by  an  effective  appeal  to  the 
individual  effort.  Such  an  appeal  may  be  in  the  form  of  a  published 
rating  of  the  foremen  and  gangs  according  to  the  per  cent,  efficiency  at- 
tained, which  for  a  time  incites  a  spirit  of  competition,  the  natural  desire 
to  excel,  but  effort  based  on  this  alone  is  not  long  sustained. 

It  therefore  is  necessary  that  the  appeal  for  increased  effort  be 
backed  with  some  material  reward.  This  reward  is  offered  in  the  form 
of  a  bonus,  or  premium,  which  is  the  employe's  share  of  the  value  of  the 
result  of  his  increased  effort  over  the  average  which  experience  has  set 
at  67  per  cent,  of  the  standard. 

The  regular  daily  or  hourly  rate  for  the  actual  time  worked  is  paid. 
and  in  addition  a  bonus  graded  according  to  the  per  cent,  efficiency  from 
67  per  cent,  upward.  Xo  bonus  is  paid  for  less  than  67  per  cent, 
efficiency. 

The  bonus  is  a  percentage  of  the  wages  earned  and  increases  grad- 
ually from  67  per  cent,  to  ico  per  cent.,  and  above  100  per  cent,  at  the 
rate  of  1  per  cent,  for  each  1  per  cent,  increase  in  the  efficiency  per- 
centage. 

Owing  to  the  nature  of  maintenance  of  way  track  work,  it  is  neces- 
sary to  consider  the  gang  as  a  unit  rather  than  the  individual,  therefore 
the  foreman  and  each  man  in  the  gang  receives  the  bonus  based  on  the 
efficiency  of  the  entire  gang. 
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The  following  bonus  table  has  been  adopted  as  standard : 

STANDARD  BONUS  TABLE. 

Efficiency    Bonus  per    Efficiency    Bonus  per    Efficiency    Bonus  per    Efficiency    Bonus  per 
percent.    $1.00  Wages     percent.    $1.00  Wages     percent.    $1.00  Wages     percent.    $1.00  Wages 

67  .0001  78  .0238  88  .0832  99  .1881 


68 

.0004 

79 

.0280 

89 

.0911 

100 

.20 

69 

.0011 

80 

.0327 

90 

.0991 

101 

.21 

70 

.0022 

81 

.0378 

91 

.1074 

102 

.22 

71 

.0037 

82 

.0433 

92 

.1162 

103 

.23 

72 

.0055 

83 

.0492 

93 

.1256 

105 

.25 

73 

.0076 

84 

.0553 

94 

.1352 

110 

.30 

74 

.0102 

85 

.0617 

95 

.1453 

120 

.40 

75 

.0131 

86 

.0684 

96 

.1557 

130 

.50 

76  .0164  87  .0756  97  .1662  135  .55 

77  .0199  87.5  .0794  98  .1770  140  .60 

Example. — The  efficiency  of  the  gang  for  the  month  is  85  per  cent. 
The  table  shows  85  per  cent,  entitles  each  man  of  the  gang  to  a  bonus 
of  $0.0617  for  each  $1.00  earned.  Hence,  the  foreman,  at  $70.00  per 
month,  earns  a  bonus  of  $4.32  and  receives  a  total  for  the  month  of 
$74-32. 

The  men  earning  $42.90  per  month  each  receive  a  bonus  of  $2.65,  or  a 
total  for  the  month  of  $45.55. 

SUMMARY. 

The  benefits  to  be  derived  from  the  Standard  Track  Work  System 
are  both  direct  and  indirect,  and  may  be  stated  as  follows : 

1.  The  roadbed  and  track  feature  and  track  condition  sheets  provide 
for  a  more  effective  distribution  of  the  forces,  resuliing  in  more  uniform 
track  conditions. 

2.  The  standard  schedules  furnish  an  accurate  unit  for  the  measure 
and  comparison  of  the  performance  of  gangs  and  an  accurate  basis  for 
estimating  and  planning  the  work  to  be  done. 

3.  The  instructions  to  foremen  provide  for  a  correct  and  uniform 
distribution  of  the  time  for  the  purpose  of  comparing  the  performance 
of  gangs,  which  in  turn  results  in  a  more  correct  distribution  of  charges 
to  the  proper  accounts,  thus  furnishing  reliable  cost  data. 

4.  The  system  of  planning  and  dispatching  the  work  requires  that 
more  attention  be  given  this  important  feature,  and  results  in  a  more  in- 
telligent direction  and  intensive  supervision  of  the  work. 

5.  The  daily  and  monthly  record  sheets  place  the  results  obtained 
in  a  form  for  ready  comparison,  the  study  of  which  leads  to  improvements 
in  methods  and  points  out  the  weak  places  in  the  organization. 

6.  The  increase  in  efficiency  which  can  be  accurately  measured  by 
means  of  the  standard  schedules  and  is  rewarded  by  the  bonus  payment, 
results  in  a  direct  financial  gain,  both  to  the  employe  and  the  employer. 
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7.  By  no  means  the  least  of  the  benefits  to  be  derived  from  this 
system  is  that  of  the  development  of  the  young  engineer  from  an  inex- 
perienced transitman  or  draftsman  from  the  engineer's  office  into  a  well- 
qualified  candidate  for  the  position  of  supervisor  or  Assistant  Division 
Engineer,  from  which  position  he  will  later  qualify  for  that  of  Division 
Engineer. 


TEST  OF  TRACK  BOLTS  AND  WRENCHES. 

By  Earl  St-imson1, 
Engineer   Maintenance   of   Way,    Baltimore  &    Ohio   Railroad. 

With  the  introduction  and  extensive  use  of  track  bolts  of  larger  diam- 
eter, and  of  bolts  made  of  high  tensile  steels,  the  necessity  of  a  greater 
length  of  track  wrench  became  apparent.  This  led  to  some  experiments 
to  develop  the  maximum  length  of  wrench  for  practical  and  safe  use 
with  bolts  of  different  diameters  and  of  different  tensile  strengths. 

Two  tests  were  made :  First,  using  standard  i  in.  by  4^4  hi.  carbon 
steel  bolts  with  Harvey  grip  thread  and  hexagonal  nuts,  and  second, 
using  i  in.  by  4)4  in.  heat-treated  alloy  steel  bolts  with  U.  S.  standard 
thread  and  hexagonal  nuts.  The  bolts  were  tested  in  a  Rhiele  screw 
gear  ioo,ooo-lb.  machine  with  the  use  of  apparatus  designed  especially 
for  testing  bolts,  as  shown  in  Figs,  i  and  2.  After  placing  the  bolt  in 
the  loop,  the  movable  head  of  the  machine  was  run  up  far  enough  to 
permit  placing  the  bearing  plate  and  spring  washer  and  getting  a  full 
thread  in  the  nut.  The  nut  was  then  at  a  height  to  enable  a  man  to  get 
a  horizontal  pull  at  his  waist  line.  After  measuring  each  bolt  and  record- 
ing its  dimensions,  a  trackman  weighing  150  lbs.  was  given  a  wrench 
and  directed  to  tighten  the  nut  as  he  would  in  track,  the  loads  being 
observed  on  the  scale  beam.  After  he  had  drawn  the  nut  tight,  the  load 
on  the  bolt  as  registered  on  the  beam  was  recorded.  The  machine  was 
then  started  on  slow  motion,  about  J/2-in.  per  minute,  until  the  elastic 
limit  was  reached.  This  being  read  and  recorded,  the  machine  was  run 
to  the  ultimate  strength  of  the  bolt.  A  repetition  of  this  test  was  made, 
using,  wrenches  30,  36,  42  and  48  in.  in  length,  of  the  same  design  as 
shown  on  Drawing  42811,  excepting  length.  The  results  were  then  tabu- 
lated to  show  the  relation  between  the  load  on  the  bolt  when  pulled  tight 
with  the  different  wrenches  and  the  load  at  the  elastic  limit  of  the  bolt. 

It  was  intended  to  make  the  conditions  of  the  test  as  nearly  as  pos- 
sible identical  with  actual  conditions  met  with  in  maintaining  track.  It 
was  difficult,  however,  to  arrange  the  apparatus  so  as  to  get  a  pull  on 
the  wrench  in  a  vertical  plane  and  at  the  same  time  measure  the  loads 
accurately.  The  arrangement  enabled  the  trackman  to  throw  his  entire 
weight  on  the  wrench,  giving  it  about  the  same  jerk  or  impulse  it  re- 
ceives in  actual  practice.  No  attempt  was  made  to  obtain  uniformity  of 
load  with  the  same  length  of  wrench;  the  trackman  used  his  own  judg- 
ment in  determining  when  the  nuts  were  tight.  The  loads  on  the  bolts, 
therefore,  when  the  nuts  were  pulled  up  tight,  were  shown  to  vary  as 
much  as  8,oco  lbs.  for  the  same  length  of  wrench. 


266 


TEST   OF   TRACK    BOLTS    AND    WRENCHES. 


Fig-  i.  Fig.  2. 

Apparatus  Used  for  Testing  Bolts. 
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Figs.  3  and  4  give  the  dimensions  of  the  bolts.  In  the  run  of  the 
kegs  the  carbon  steel  bolts  averaged  0.995  i°.  in  diameter,  while  the 
heat-treated  alloy  steel  bolts  ran  about  0.933  in.  in  diameter.  The 
threads  of  the  carbon  bolts  were  of  the  Harvey  grip  pattern,  while  those 
of  the  heat-treated  alloy  bolts  were  U.  S.  standard,  both  being  rolled. 

A  comparison  of  the  chemical  and  physical  properties  of  the  two 
bolts  is  given  in  Tables  1  and  2.  The  trouble  that  has  been  had  with 
the  corners  of  hexagonal  nuts  rounding  while  being  tightened  gave  rise 
to  an  examination  of  the  nuts,  as  well  as  the  bolts.  While  this  phase  of 
the  subject  will  be  discussed  later,  it  might  be  noted  here  that  the  analysis 
of  both  kinds  of  steel  showed  higher  carbon  and  manganese  in  the  bolt 
than  in  the  nut,  while  the  sulphur  and  phosphorus  ran  lower  in  the  bolt 
than  in  the  nut.  In  the  analysis  of  the  alloy  steel  it  is  also  important  to 
note  that  some  nickel  and  chromium  was  contained  in  the  nut.  This  nut 
was  intended  to  be  made  of  straight  open-hearth  steel;  however,  as  both 
the  nickel  chrome  steel  and  the  straight  open-hearth  steel  are  produced 
from  the  same  blast  furnaces,  a  small  amount  of  the  nickel  and  chromium 
elements  contained  in  the  burden  of  the  furnaces  creeps  into  the  open- 
hearth  steel.  The  function  of  these  elements  in  the  bolts  is  to  bring  up 
the  tensile  strength  of  a  comparatively  low-carbon  steel.  Their  presence 
in  the  nut  likewise  improves  the  quality  of  the  metal. 

The  object  of  the  tests  was  to  show  the  relation  between  the  loads 

on  the  bolts  when  drawn  up  tight  with  various  length  wrenches  and  the 

elastic  limit  of  the  bolts.     The  averages  of  a  series  of  tests  with  carbon 

steel  bolts  given  in  Table  3   shows  the  loads  pulled  with  30  and  36  in. 

wrenches  well  within  the,  elastic  limit  of  the  bolt,  -while  the  load  pulled 

with  the  42-in.   wrench  exceeds  the  elastic  limit.     The  load  pulled   with 

the  48-in.  wrench  is  less  than  that  pulled  with  the  42-in.  wrench,  and  is 

also  less  than  the  elastic  limit  of  the  bolt.    The  increment  of  load  should 

be  expected  to  vary  with  the  length  of  wrench.     In  running  this  test, 

however,  the  jaws  of  the  42-in.   and  48-in.  wrenches  became  so  badly 

sprung  that  the  nuts  rounded  so  as   to  prevent  pulling  them  up  tight. 
1  1 

TABLE   I. — COMPARATIVE  CHEMICAL   ANALYSIS. 

Carbon  Steel.  Alloy  Steel. 

Elements.            Bolts.  Nuts.  Bolts.  Nuts. 

Per  Cent.  Per  Cent.  Per  Cent.  Per  Cent. 

Carbon  0.20  0.12  0.19  0.17 

Sulphur   0.031  0.09  0.037  0.08 

Phosphorus  0.008  0.110  0.01  0.073 

Manganese   0.50  0.37  0.71  0.60 

Chromium —  0.14  0.08 

Nickel    1.09  0.41 

TABLE  2. — COMPARATIVE  PHYSICAL   PROPERTIES  OF  BOLTS  TESTED. 

Carbon  Steel.  Alloy  Steel. 

Reduction,  per  cent 46.7  30.5 

Elongation,  per  cent,  in  4^4  in 15.3  7.8 

Elastic  limit,  lbs.  per  sq.  in 49,109  93.225 

Ultimate  strength  per  sq.  in 59,704  104,793 
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TABLE    6. —  SHOWING    LOAD    REGISTERED    WITH     NUTS    PULLED    TIGHT. 

Length  Harvey  Grip  U.  S.  Standard 

of  Wrench.  Thread.  Thread. 

30  in 26,850  lbs.  27,300  lbs. 

23,600  lbs.  27,770  lbs. 

26,000  lbs.  31,200  lbs. 

Maximum  31,200  lbs. 

36  in 31,600  lbs.  34,360  lbs. 

23,500  lbs.  29,700  lbs. 

29,850  lbs.  28450  lbs. 

Maximum  34.360  lbs. 

42  in 42.600  lbs.  34,920  lbs. 

38,650  lbs.  33, 100  lbs. 

34,600  lbs.         33, oco  lbs. 

Maximum  42,600  lbs. 

48  in 35./00  lbs.  46,350  lbs. 

25,690  lbs.  44,100  lbs. 

33,200  lbs.  38.700  lbs. 

Maximum  46,350  lbs. 

TABLE     7. — CALCULATED     STRENGTH      OF     BOLTS     BASED     ON      MINIMUM      ELASTIC 

LIMIT  OF  48,OCO  LBS.    PER   SQ.   IN.    FOR  CARBON    STEEL  AND   75.0CO   LBS. 

PER  SQ.   IN.   FOR   ALLOY   STEEL. 

Strength  in  Pounds. 
Diameter  ( Elastic  limit) 

of  Bolts.  Area.  Carbon  Steel.  Alloy  Steel. 


V4 

1 
154 


n 4417  21,201  lbs.  33.^27  lbs. 

n 6013  28,862  lbs.  45,097  lbs. 

n 7854  37,699  lbs.  58,905  lbs. 

n 9940  47.712  lbs.  74,550  lbs. 

n 1.2272  58,905  lbs.  92,040  lbs. 


The  48-in.  wrench  was  redressed  and  tempered  and  another  series  of 
tests  made.  Again  its  jaws  sprung,  and  so  damaged  the  nut  that  further 
tightening  was  impossible. 

With  the  carbon  steel  bolts  and  hexagonal  nuts,  therefore,  the  use 
of  a  wrench  greater  than  36  in.  in  length  not  only  involves  the  risk  of 
stretching  the  bolts  beyond  their  elastic  limit,  but  so  injures  the  nuts  as 
to  necessitate  cutting  them  in  order  that  they  might  be  removed. 

Trouble  with  the  wrenches  spreading  was  not  experienced  with  the 
alloy  steel  bolts.  After  a  second  dressing  and  tempering  of  the  same 
wrenches  used  with  the  carbon  steel  bolts,  a  much  greater  load  was 
pulled,  using  alloy  steel  bolts,  without  injuring  the  nuts.     (See  Table  4.) 

Here  it  should  be  remembered  that  the  nickel  and  chromium  ele- 
ments in  the  alloy  steel  produce  a  much  harder  steel  than  the  mild  open- 
hearth  carbon  steel,  without  raising  the  carbon.  The  need  of  a  harder 
steel  nut  is  emphasized  by  the  damage  done  with  long  wrenches  while 
tightening  the  carbon  steel  bolts.  It  will  be  seen  from  the  following 
statement  (Table  5,  taken  from  Tables  3  and  4)  that  slightly  greater 
loads  were  pulled  with  the  same  length  of  wrench  with  the  alloy  bolts 
than  with  the  carbon  bolts,  while  the  damage  done  to  the  nuts  (see  Pigs. 
5  and  6)    was  much  less  with  the  alloy  steel  than  with  the  carbon  steel. 
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Fig.  5.    Carbon  Steel  Bolts. 
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Fig.  6.     Alloy  Steel  (Nickel  Chrome)  Bolts. 

Photographs  showing  greater  damage  done  by  the  wrench  to  the  carbon 
steel  nuts  than  to  the  alloy  nuts.  Also  showing  carbon  steel  bolts  breaking 
in  the  shank  and  alloy  bolts  breaking  at  the  root  of  the  thread. 
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TABLE   5- 

Load  when  pulled  tight. 
Length  of  Wrench.  Carbon  Bolt.  Alloy  Bolt. 

30-in 25,783  28,757 

36-in 28,333  30,837 

42-in 38,617  33.673 

48-in 3L530  43,050 

Referring  again  to  Tables  3  and  4,  it  will  be  seen  that  the  loads 
which  were  registered  when  the  nuts  were  pulled  up  tight  vary  consid- 
erably. Several  factors  account  for  this  variation.  In  the  first  place,  it 
was  left  entirely  to  the  trackman  pulling  the  wrench  to  determine  when 
he  had  the  nuts  tight ;  second,  the  damage  done  by  the  wrench  to  some 
of  the  nuts  was  greater  than  to  others,  making  it  impossible  for  the 
trackman  to  draw  all  of  them  up  the  full  amount;  third,  the  Harvey 
grip  thread  on  the  carbon  bolts  pulled  much  harder  than  the  U.  S. 
standard  thread  on  the  alloy  bolts.  The  Harvey  grip  threads  on  the 
bolts  run  eight  to  the  inch,  while  those  in  the  nut  run  about  7.8  to  the 
inch.  They  are  rolled  to  fit  loosely  enough,  so  that  the  first  three  turns 
of  the  nut  can  be  made  with  the  fingers.  The  difference  in  pitch  of  the 
threads  then  takes  effect,  giving  a  much  tighter  nut  than  when  threaded 
with  the  same  pitch  as  the  bolt.  Furthermore,  the  Harvey  grip  threads 
pulled  much  more  irregular  than  the  U.  S.  standard  threads,  as  in  some 
cases  the  nuts  with  the  Harvey  grip  threads  could  be  turned  down  the 
full  length  of  the  thread  with  a  12-in.  wrench,  while  others  required  a 
30-in.  wrench  with  considerable  pull  to  screw  them  down  when  the  bolt 
was  clamped  in  a  vise. 

Even  with  such  irregularities  in  results,  the  data  obtained  enables 
the  establishment  of  a  safe  limit  to  the  length  of  wrenches  for  use  with 
bolts  having  different  tensile  strengths.  Diagram  1  gives  the  average 
load  in  pounds  pulled  by  the  150-lb.  trackman,  using  four  wrenches  vary- 
ing in  length  from  30  in.  to  48  in.,  together  with  the  actual  strength  in 
pounds  of  both  carbon  steel  and  alloy  steel  bolts  varying  in  diameter 
from  34-in.  to  i]4  in.  The  "Wrench-pull"  curve  is  the  maximum  load 
registered  when  the  nuts  were  pulled  tight  with  each  wrench  (see  Table 
6).  The  strength  of  the  bolts  is  calculated  (see  Table  7)  on  the  basis 
of  minimum  allowable  elastic  limit  of  the  steel,  namely,  48,000  lbs.  per 
square  inch  for  carbon  and  75,oco  lbs.  per  square  inch  for  alloy  steel. 
In  the  case  of  a  i-in.  carbon  steel  bolt,  for  instance,  the  diagram  shows 
the  strength  line  (horizontal)  crossing  the  "Wrench-pull"  line  about  half- 
way between  the  36-in.  and  42-in.  wrench  ordinates,  indicating  that  the 
1 -in.  carbon  steel  bolt  can  be  "wrenched  up"  to  its  elastic  limit  with, 
say,  a  40-in.  wrench.  In  the  case  of  alloy  steel  it  will  be  seen  that  the 
i-in.  bolt  cannot  be  "wrenched  up"  to  its  elastic  limit  even  with  a  48-in. 
wrench,  as  the  "Wrench-pull"  line  is  far  below  the  strength  line  along 
the  48-in.  ordinate. 

Thus  the  diagram  indicates  the  length  of  wrench  required  to  tighten 
the  various  bolts  to  their  capacity.  It  should  be  remembered,  however, 
that   the   "Wrench-pull"  curve   represents  the  loads  that  can  be  brought 
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to  the  bolts  by  a  150-lb.  man  and  not  the  maximum  loads  that  can  be 
pull  and  thus  raise  the  curve.  It  is  felt,  however,  since  the  curve  repre- 
sents the  maximum  pull  registered  where  both  the  Harvey  grip  and  U.  S. 
standard  threads  were  tested,  that  the  loads  would  seldom  be  exceeded 
in  actual  track  maintenance,  and  could,  therefore,  be  used  with  safety 
as  a  guide  in  determining  the  practical  length  of  wrench  to  be  used  with 
bolts  of  any  tensile  strength. 

Having  found  the  amount  of  strain  that  can  be  brought  to  a  bolt 
with  the  different  lengths  of  wrenches,  the  question  arises  as  to  the  iimit 
in  length  of  wrenches  for  practical  use.  In  setting  the  maximum  limit, 
two  questions  should  be  considered,  namely,  size  and  weight  for  con- 
venient handling  by  one  man,  and  length  giving  sufficient  leverage  to 
permit  a  man  of  average  strength  to  properly  tighten  track  bolts.  A 
40-in.  wrench  weighs  SV2  lbs.  and,  for  i-in.  bolts,  seems  to  meet  with 
universal  favor  among  trackmen.  Anything  longer  is  usually  too  heavy 
and  too  cumbersome  to  handle  conveniently.  Whether  40  in.  gives  suffi- 
cient leverage  requires  the  determination  of  the  load  transmitted  through 
the  rail  joint  into  the  bolts.  To  secure  the  greatest  efficiency  in  the  rail 
joint,  it  is  essential  that  the  splices  be  held  together  rigidly.  This  is  the 
primary  function  of  the  bolts  and,  to  obtain  proper  rigidity,  sufficient 
tension  must  be  put  into  them  so  that  there  will  be  no  separation  of  the 
splices  under  load.  It  seldom  happens  that  all  bolts  are  tightened  the 
same  amount,  consequently  a  large  percentage  of  the  load  transmitted 
through  the  joint  comes  in  tension  upon  the  bolts  that  are  tightest.  Un- 
doubtedly the  maximum  condition  is  when  the  two  middle  bolts  are  the 
tightest.  Taking  for  eample  an  axle  load  of  64,000  lbs.,  one  wheel  would 
impart  to  the  rail  joint  a  static  load  of  32,000  lbs.  Assuming  that  the 
effect  of  impact  adds  200  per  cent,  to  the  static  load,  there  would  be 
96,000  lbs.  coming  to  the  rail  joint.  Each  of  these  two  middle  bolts  would 
then  receive  one-half  the  horizontal  component  of  96,000  lbs.  acting  upon 
the  wedging  surface  of  the  splice  bars   (260),  namely,  21,043  lbs. 

96,000  X  sin  260 

14   horizontal  component,  96,000  lbs.  = 

2 

96,000  X  .4384 


2 

42.086 


2 
=  21,043  lbs. 

Therefore,  to  take  care  of  the  loads  coming  to  a  joint,  the  bolts 
should  be  tightened  at  least  to  a  tension  of  21,043  lbs.  But,  in  practice, 
face  between  the  splices  and  rail,  so  that  it  becomes  desirable  to  bring 
faces  and  insure  maintaining  21,000  lbs.  as  a  minimum  stress  in  the  bolt, 
much  greater  tension  in  the  bolts  to  take  care  of  the  ununiform  bearing 
faces  and  insure  maintaining  21,000  lbs.  as  a  minimum  stress  in  the  bolt. 

When  a  bolt  has  been  wrenched  up  to  21,000-lb.  tension  and  subse- 
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quently  receives  a  strain  of  21,000  lbs.  from  rolling  loads,  it  must  with- 
stand a  total  of  42,000  lbs.  tension. 

A  1 -int.  bolt  of  75,oco  lbs.  per  square  inch  elastic  limit  withstands 
only,  say,  59,coo  lbs.  (Table  7),  so  that  the  difference,  namely,  17,000  lbs., 
represents  the  allowable  greater  tension  that  can  be  wrenched  into  the 
i-in.  bolt,  making  a  total  of  21,000  lbs.  plus  17,000,  or  38,000  lbs. 

Referring  now  to  the  "Wrench-pull"  curve,  Diagram  1,  it  will  be 
seen  that  38,000  lbs.  can  be  pulled  with  a  40-in.  wrench,  so  that  it  seems 
advisable  to  set  the  maximum  allowable  length  of  track  wrench  for  i-in. 
high-tension  bolts  at  40  in. 

On  the  basis  of  this  assumption,  namely,  that  the  permissible  amount 
of  tightening  depends  on  the  elastic  limit  of  the  bolt  in  question,  and  the 
tension  brought  to  the  bolt  by  the  load  and  impact  of  a  maximum  axle 
loading,  Diagram  2  has  been  prepared  giving  the  safe  length  of  track 
wrench  for  use  with  bolts  having  a  known  minimum  elastic  limit  per 
square  inch.  In  other  words,  it  gives  the  length  of  wrench  required  to 
bring  a  tension  to  each  sized  bolt  not  to  exceed  the  actual  elastic  limit  of 
the  bolt  less  the  load  or  strain  brought  to  the  bolt  by  the  rolling  load. 
For  example,  in  the  case  of  the  i-in.  alloy  steel  bolt  considered  above, 
we  have : 

Actual    elastic    limit 59,ooo  lbs. 

Rolling  load   and  impact 21,000  lbs. 

Permissible   tension    that   can   be    wrenched 

into  the  bolt 38,000  lbs. 

It  is  then  found  by  use  of  the  "Wrench-pull"  curve  that  38,000  lbs.  can 
be  pulled  with  a  40-in.  wrench,  so  that  Diagram  2  being  calculated  in  this 
way,  is  felt  to  represent  safe  practical  conditions. 

The  lengths  derived  in  this  way  appear  to  be  less  than  the  lengths 
commonly  used  for  track  wrenches,  yet  the  results  of  the  experiment 
are  considered  with  the  belief  that  much  of  the  unsatisfactory  service  of 
track  Lolts  comes  from  overtaxing  their  strength,  turning  them  up  so 
tight  that  they  stretch  under  the  combined  rolling  loads  and  wrench 
loads.  It  seems  advisable,  therefore,  to  so  regulate  the  length  of  wrenches 
that  such  injury  cannot  be  done  to  the  bolts  under  normal  working  con- 
ditions, and  Diagram  2  is  exhibited  as  a  guide  in  determining  the  safe 
and  practical  lengths  to  be  used. 

Many  complaints  have  been  made  that  the  metal  in  the  jaws  of  some 
wrenches  is  too  soft,  which  permits  the  jaws  to  spread,  rendering  them 
useless.  This  trouble  has  been  found  largely  where  hexagonal  nuts  were 
used.  In  making  the  bolt  test,  it  was  observed  that,  unless  the  wrench 
was  given  a  full  bite  on  the  nut  each  time,  it  slipped  and  the  nut  gradually 
rounded  and  acted  as  a  wedge  to  open  up  the  jaws  of  the  wrench.  A 
repetition  of  this  slipping  soon  damaged  the  wrench  beyond  further  use. 
As  previously  stated,  one  of  the  long  wrenches  which  spread  was  re- 
dressed and  tempered,  yet  after  tightening  about  half  a  dozen  more  nuts 
the  jaws  again  spread  in  the  same- way.     When  again  dressed  and  tern- 
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pered,  and  used  with  the  hexagonal  nuts  on  the  alloy  steel  bolts,  there  was 
little  trouble  with  the  jaws  spreading.  These  nuts  ran  a  little  higher  in 
carbon  and  contained  some  nickel  and  chromium  which  made  them  harder. 
It  is  believed,  therefore,  that  a  great  deal  of  the  trouble  which  is  ordi- 
narily attributed  to  the  wrench  is  due  as  well  to  the  soft  metal  in  the 
nut.  It  is  also  due  to  the  shape  of  the  nut.  Square  nuts  made  of  the 
same  quality  of  steel  seldom  become  so  rounded  that  they  cannot  be 
turned,  even  after  the  jaws  of  the  wrench  have  been  slightly  sprung. 
The  use  of  hexagonal  nuts  became  necessary  in  the  development  of 
heavy,  reinforced  splice  bars,  as  the  reinforcing  ribs  so  diminished  the 
clearance  on  the  outside  surface  of  the  bars  that  square  nuts  could  not 
be  used.  This  is  now  being  overcome  by  the  use  of  thicker  spring-washer 
nutlocks  and  chamfered  nuts. 
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TEST  OF  DOUGLAS  FIR  BRIDGE  STRINGERS. 

By  H.  B.  MacFarlaxd. 
Engineer  Tests,  the  Atchison,  Topeka  &  Santa  Fe  Railway  System. 

COMPARATIVE  TEST  OF  TREATED  AND  UNTREATED  DOUG- 
LAS FIR  STRINGERS  TO  DETERMINE  THE  EFFECT  OF 
TREATMENT  ON   PHYSICAL  PROPERTIES. 

OBJECT. 

The  object  of  this  test  was  to  determine  whether  the  moisture  could 
be  properly  removed  from  Douglas  Fir  stringers  by  a  process  of  creosot- 
ing  involving  boiling  under  vacuum,  and  to  determine  whether  this  method 
of  treatment  had  a  detrimental  effect  upon  the  physical  properties  of 
the  material. 

Former  tests  have  demonstrated  that  the  strength  of  Douglas  Fir 
is  decreased  approximately  one-third  when  the  material  is  subjected  to 
any  process  of  creosoting  involving  high   temperatures  during  treatment. 

The  St.  Helens  Creosoting  Company,  St.  Helens,  Ore.,  submitted 
some  experimental  data  on  small  specimens  showing  that  the  strength 
of  Douglas  Fir  is  not  appreciably  affected  when  the  moisture  is  removed 
by   boiling   under   vacuum,   preliminary   to   creosoting. 

ARRANGEMENTS     FOR    TESTS. 

Arrangements  were  made  with  the  St.  Helens  Creosoting  Company 
to  treat  a  test  lot  of  100,000  feet  of  7  in.  by  16  in.  by  30  ft.  commercial 
bridge  stringers  by  the  process  of  removing  the  moisture  by  boiling 
under  vacuum,  and  at  a  temperature  of  from  180  to  190  degrees 
Fahrenheit. 

Selection  of  the  material  for  treatment  and  for  physical  tests  was 
made  under  the  personal  supervision  of  Messrs.  G.  E.  Rex,  Manager 
Treating  Plants,  Santa  Fe  System ;  A.  F.  Robinson,  Bridge  Engineer, 
Santa  Fe  System  ;  E.  O.  Faulkner,  Manager  Tie  and  Timber  Department, 
Santa  Fe  System ;  O.  P.  M.  Goss,  Consulting  Engineer  for  the  Pacific 
Coast  creosoting  and  timber  interests,  and  the  writer.  All  were  present 
during  the  treatment,  and  others  representing  railway  and  creosoting 
interests. 

The  work  at  the  treating  plant  was  conducted  from  November  r  to 
10,  1915,  actual  treating  taking  place  from  November  4  to  8,  1915.  The 
regular  plant  equipment  was  used,  care  being  exercised  to  check  all 
gages  and  thermometers  by  calibrated  instruments  taken  from  the 
Topeka  Laboratory. 

MATERIAL. 

From  the  lot  of  356  stringers  in  this  order,  61  were  selected  for 
test   purposes.      Fifty-two    of    these    stringers    were    cut    in    two,   the    two 
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halves  given  corresponding  test  numbers,  one-half  being  treated  and 
the  other  half  held  as  a  control,  to  determine  the  effect  of  the  treatment 
on  the  wood.  Nine  stringers  were  selected  after  treatment  for  special 
tests.  All  specimens  selected  for  test  were  representative  of  the  entire 
lot,  as  to  physical  structure  and  prevailing  defects. 

TREATMENT. 

In  the  boiling  under  vacuum  process  of  creosoting  as  practiced  by 
the  St.  Helens  Creosoting  Company,  the  charge  of  green  or  water- 
soaked  timber  is  placed  in  the  retort,  which  is  then  filled  with  creosote 
oil  at  a  temperature  of  from  150  to  180  degrees  Fahrenheit.  The  tem- 
perature of  the  oil  is  gradually  increased  to  190  degrees  Fahrenheit, 
and  then  held  at  that  temperature,  under  atmospheric  pressure,  until  the 
timber  is  uniformly  heated.  A  vacuum  is  then  drawn  and  the  tem- 
perature maintained  at  190  degrees  Fahrenheit  to  remove  moisture.  In 
treating  this  material  the  preliminary  heating  period  was  5  hours  after 
the  charge  had  attained  the  desired  temperature.  The  boiling  under 
vacuum  was  continued  until  the  average  condensation  for  two  consecu- 
tive hours  was  less  than  one-tenth  of  a  pound  of  water  per  cubic  foot 
of  timber  per  hour;  this  required  from  14  to  isTl>  hours,  at  the  end 
of  which  period  additional  oil  was  added  and  5  to  10  lbs.  pressure  applied 
to  insure  the  retort  being  full  of  oil  before  the  pressure  pumps  were 
started. 

The  steam  in  the  heating  coils  was  then  turned  off  and  oil  pumped 
from  the  measuring  tanks  into  the  retort.  The  pumping  was  continued 
and  the  pressure  in  the  retort  was  increased  until  the  desired  treatment 
of  twelve  pounds  per  cubic  foot  was  forced  into  the  timber.  This  opera- 
tion required  from  four  and  one-half  to  six  hours  and  the  pressure 
reached  a  maximum  of  132  lbs.  per  square  inch.  The  oil  was  then 
forced  back  into  the  high  tank  with  air  pressure,  and  a  vacuum  drawn 
on   the   retort    for   thirty   minutes   to   surface   dry   the   charge. 

Specimens  fur  physical  tests  were  distributed  as  follows  in  the  four 
charges    necessary    for    treating    the    entire    lot : 

Test  Specimens. 
1,  2,  3,  4,  5,  6,  7,  8,  9,  11, 

12    and    13. 
10,  16,  17,  19,  22,  23,  25,  26, 

27,  30,  31.  32  and  33. 
14,  15,  18,  20,  21,  24,  28,  29, 

34.    35.    36,    37,    38,    39 

and  40. 
175  E  41,  42,  43,  44,  45,  46,  47,  48, 

49,  50,  51   and  52. 


Charge 

No. 
1 

Plant 
Run. 

172 

Retort. 

E 

2 

173 

F 

3 

174 

F 
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Following  is  a  summary  of  treating  plant  logs  for  each  of  the  above 
charges  : 

Charge  Number. 
Preliminary    1 1  "arming  Period.  1234 

Time — hr.    min 2-co  2-20  3-30  4-30 

Temp.  deg.  F. : 

Start    165  155  128 

Final     190  179  191  190 

[{eating  Period. 

Time — hr.    min 5-00  5-C0  5-00  5-00 

Temp.  deg.  F. : 

Maximum    iqi  181  191  192 

Minimum     189  179  190  188 

Boiling  Period. 

Time — hr.    min 14-co  15-30  15-30  14-00 

Temp.  deg.  F.  : 

Maximum    191  181  191  iqi 

Minimum     188V2  i?7  ifyA  189 

Vacuum — Inches  of  mercury  : 

Maximum 28^  28^  28^  28/2 

Condensation — Water  lb.  per 
hr. : 

Maximum    2090  867  1020  790 

Minimum     236  153  153  77 

Pressure  Period. 

Time— hr.    min 4-45  5-52  5-30  5-35 

Temp.  deg.  F. : 

Start    189  180  191  190 

Final    174  176  178  i/5 

Pressure — lbs.     per     sq.     in. 

gage,   maximum    127  130  132  130 

Oil    from    measuring    tanks, 
gallons  : 

Total     3850  3350  2625  2650 

Rebound     775  800  835  650 

Net    3075  2550  1790  20CO 

Blowing  Back  Period. 

Time — hr.    min c-35  0-38  0-45  c-;o 

Drying  Period. 

Time — hr.    min 0-30  0-30  0-30  0-30 

Temp.  deg.  F. : 

Start    153  176  156  154 

Final    150  147  148  150 

Vacuum — Inches  of  mercury  : 

Maximum    28  27V2  26  26 

Condensation — Water,    lbs...       26  51 

Total  Time  in  Retort. 

Hr.   min 26-50  29-50  30-45  50-25 

Plant  log  for  charge  No.  1,  plant  run  No.  172,  Retort  E.  started 
November  4.  191 5,  showing  a  typical  detailed  data  sheet,  as  kept  for  each 
of  the  four  runs,  follows  : 


284 


TEST    OF    DOUGLAS    FIR    STRINGERS. 


Temp,  deg 

.  F.       Vacuum  Conden- 

Thermometer           in. 

of 

sation 

Time. 

Working. 

Test.     Mercury. 

Inches. 

Remarks. 

12 :3o  P. 

M.     .. 

Load  in  12  :30  P.  M. 

2:30 

180 

3:00 

190 

Water   in    condenser,    51    lbs. 

3:30 

188 

191 

per    in.;    measuring    tanks 

4:00 

189 

192 

hold  25  gals,  per  in.;  oil  in 

4:30 

189/ 

193 

sump,  i6y2  in. 

5:00 

190 

193/ 

5:30 

190 

193 

6:00 

190 

193 

6:30 

1  go 

194 

7:00 

191 

195 

7:30 

190^ 

194 

Vacuum   started. 

8:00 

189 

192            1 

8 

36y2 

Mostly  oil,  no  sample. 

8:30 

190 

192            1 

&y2 

41 

Oil,  sample  taken. 

9:00 

189 

192            21 

2554 

Some  oil,  sample  taken. 

9:30 

190 

193            2 

iy 

10:00 

190 

I931/'        22 

1554 

Water  clear,  sample  taken. 

10:30 

190^ 

194            23^4 

11  :oo 

191^ 

195             24Y2 

14 

Clear  water. 

11:30 

191 

10454      25 

12:00 

189^ 

193         25 

1 134 

Clear  water,  sample. 

12:30  A. 

M.  i8Sy2 

192^2           2 

6 

1  :oo 

191 

193                26 

10 

Clear   water. 

1  :30 

190 

193                 2 

6y 

2  :oo 

I90V2 

194                 27 

9 

Clear  water,   sample. 

2:30 

190 

193                 27 

Clear  water,  sample. 

3:00 

1  go 

193                2 

7y 

10 

Clear   water. 

3:30 

190 

193/           ^ 

7Va 

4:00 

190 

192                  5 

7Va 

'sy4 

Clear   water. 

4:30 

189^ 

192                 27^ 

5:00 

i8gy2 

I9T/           2 

7V2 

"Wa 

Clear   water. 

5:30 

191 

192                 2 

7Va 

6:00 

189/ 

191                  2 

7Va 

"Wa 

Clear   water. 

6:30 

191 

192                 28 

7:00 

190 

191                  28 

'ty 

7:30 

189 

192                 28 

8:00 

189 

192                 28 

"sx 

8:30 

190 

192                 2 

8 

19  in.  in  sump  tank. 

9:00 

190 

192^2            2 

8 

"aVa 

Supt.  advises  ^4-hour  longer. 

9:30 

189 

193                 2 

7y 

Oil 

Pressure  started  9:30  a.  m. 
Retort   filled    for    pressure. 

Temp  deg.  F.      Pressure 

Measur 

- 

Thermometer     Lbs. 

Per 

ing  Tan 

Time. 

Working. 

Test.     Sq. 

In. 

Gage,  In. 

9:43  A 

M.  190/ 

192/ 

5 

3 

Retort    filled    for   pressure. 

10:00 

188^ 

191  '           1 

7 

28 

10 :30 

187 

189/        35 

5o5* 

11  :oo 

184^ 

187            60 

69/ 

1 1  130 

182 

184/        95 

82 

At    83    in.,    changed    to    tank 

12:00 

181 

183           10 

5 

™y2 

No.    2,    with    2TX-in.    read- 

12:30 P. 

M.  179 

181           11 

5 

24 

ings. 

1  :oo 

177 

179           120 

35/ 

1  :30 

175 

176/       124 

51 

2  :oo 

174 

175/       127 

66 

2:15 

i74T/> 

163/ 

725"2 

Pressure        removed,       2 :20, 

2:30 

i74T/2 

163H 

started  to  blow  with  26  lbs. 
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Temp.  deg.  F.  Vacuum  Conden- 

Thermometer  in.  of      sation 

Time.        Working.    Test.  Mercury.  Inches.                      Remarks. 

2 :50  P.  M.                      . .  .  .             . .         Final  Vacuum  started. 

3:00             153            163  19 

3 :20             150             160  28             y2         Vacuum      broken,      end      of 

treatment. 

Charge  was  removed  from  cylinders  about  4:00  p.  m.,  November  5. 
1915,  and  left  on  trucks  over  night.  Maximum  thermometer  inserted  at 
center  of  load,  not  ventilated,  read  181  deg.  F.,  both  top  and  bottom,  and 
checked  O.  K.  to  standard.    No  rain  over  night.    Charge  warm  in  morning. 

PROGRAM    OF    TESTS. 

In  order  to  establish  the  effect  of  the  treatment  and  to  make  allow- 
ance for  changes  in  moisture  content  during  the  lapse  of  time  between 
treatment  at  St.  Helens  and  tests  at  Topeka,  proper  records  of  weights 
and  moisture  content  of  all  specimens  were  taken  at  St.  Helens  and  again 
at  Topeka.  The  test  material  was  shipped  to  the  Topeka  laboratory  via 
boat  and  rail,  arriving  December  20,  1915.  On  arrival  it  was  piled  out- 
doors until  tested.  Complete  laboratory  tests  were  made  to  determine  the 
strength  of  the  material.  Tests  on  this  material  were  started  on  January 
17,   1916.     These  tests  were  as  follows: 


Transverse. — Full  size  specimens  7  in.  by  16  in.  by  15  ft.  Specimens 
were  supported  on  two  I-beams,  placed  on  the  table  of  a  200,000-lb.  Olsen 
testing  machine.  A  span  of  fourteen  feet  was  used  with  the  specimen 
mounted  on  rocking  knife  edges  to  allow  movement  on  the  I-beams. 
The  load  was  applied  at  third  points  through  knife  edges.  Steel  plates 
six  inches  wide  were  used  between  the  knife  edges  and  the  specimen 
to  prevent  damage  to  the  wood  fiber  during  application  of  the  load.  Rollers 
were  used  between  the  top  knife  edges  and  the  plate  to  allow  movement 
in  a  horizontal  plane.  These  details  are  shown  by  photograph.  Fig.  1. 
Deflections  were  measured  for  the  fourteen-foot  span  by  means  of  a  fine 
steel  wire  and  scale  graduated  to  hundredths  inch.  The  wire  was 
stretched  over  two  nails  driven  on  the  neutral  axis  vertically  above  the 
knife  edge  supports.  It  was  placed  so  that  it  did  not  touch  the  face  of 
the  beam  and  was  kept  taut  by  means  of  a  weight  attached  to  one  end. 
Deflections  were  read  on  a  mirror  scale  fixed  back  of  the  wire  on  the 
neutral  axis  of  the  beam  at  the  center.  The  speed  of  the  machine  was 
regulated  to  conform  as  nearly  as  possible  to  recommended  practice  as 
outlined  in   the  government's  instructions  to  engineers  of  timber  tests. 

On  this  basis  the  rate  of  load  application  was  maintained  to  give  a 
fiber  strain  at  the  rate  of  0.0010  inch  per  inch  of  outer  fiber  length  per 
minute.  Deflection  readings  were  taken  while  the  machine  was  in 
motion. 

Prior  to  transverse  tests,  the  specimens  were  weighed  and  a  sketch 
made  showing  the  exact  dimensions,  location  of  knots,  shakes,  checks,  pith 
center,  etc..  as  well  as  notes  relative  to  structure  and  general  character- 
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istics  of  the  individual  specimen.  The  edge  of  the  stringer  on  which  the 
load  would  ordinarily  be  applied  in  bridge  construction  had  been  marked 
in  selecting  the  stringers  for  test,  and  care  was  taken  to  conform  to 
this  position  when  placing  both  treated  and  untreated  specimens  in  the 
testing  machine.  After  placing  each  specimen  in  position,  an  initial  load 
of  2,000  lbs.  was  applied  to  give  a  firm  bearing  on  the  supports  and 
the  deflection  scale  then  set  at  zero.  The  load  was  then  uniformly 
applied  and  measured  at  increments  of  5,000  lbs.  The  weighing  beam 
of  the  machine  was  kept  floating  after  the  elastic  limit  had  been  passed  to 
record  the  maximum  load.  A  description  and  sketch  of  failure  for  each 
specimen  was  made  at  the  time  of  test. 

Compression  Parallel  to  Grain. — Specimens.  5  by  5  by  12  inches. 
These  were  cut  from  the  full-size  specimens  after  transverse  tests,  care 
being  taken  to  select  them  from  the  sound  material.  The  ends  of  the 
specimens  were  accurately  finished  parallel  and  perpendicular  to  the  axis 
to  prevent  lateral  distortion  of  the  filler  during  test.  Each  specimen  was 
weighed,  measured  and  sketched  before  it  was  placed  in  the  machine. 
An  initial  load  of  2,000  lbs.  was  then  applied  and  the  deflectometer  set 
at  zero.  The  load  was  then  applied  at  a  uniform  rate  and  deflectometer 
readings  taken  at  increments  of  5,000  lbs.  to  the  elastic  limit,  the  de- 
flections being  read  while  the  machine  was  in  motion.  The  machine  was 
operated  at  a  speed  to  produce  a  fiber  strain  of  0.0036  inch  per  inch  of 
length  per  minute.  The  weighing  beam  of  the  machine  was  kept  bal- 
anced after  the  elastic  limit  had  been  passed  and  until  the  maximum 
load  was  reached.  A  description  and  sketch  of  the  specimen  showing 
general  characteristics  and  location  of  the  failure  were  recorded  on  the 
log  sheet.  The  method  of  setting  up  the  apparatus  for  this  test  is  shown 
by  photograph,  Fig.   2. 

Compression  Perpendicular  to  Grain. — Specimens,  6  by  6  by  30  inches. 
These  specimens  were  also  cut  from  material  used  in  transverse  tests. 
In  order  to  get  comparable  data,  the  load  was  applied  through  a  plate  6 
inches  wide,  on  the  convex  side  of  the  growth  rings.  The  specimens 
were  weighed,  measured  and  sketched  and  all  defects  described  before 
being  placed  in  the  machine.  An  initial  load  of  500  lbs.  was  applied  and 
the  deflectometers  set  at  zero.  The  load  was  then  applied  in  incre- 
ments of  2,500  lbs.  to  the  elastic  limit,  the  machine  being  stopped  at  each 
load  increment  to  take  the  deflectometer  readings.  After  passing  the 
elastic  limit,  only  loads  corresponding  to  deflections  of  one-tenth,  three- 
sixteenths,  and  three-eighths  inch  were  recorded.  The  average  of  the 
two  deflectometer  readings  was  taken  as  the  true  deflection.  A  de- 
scription of  the  failure  for  each  specimen  was  noted  on  the  sketch 
made  on  the  log  sheet.  The  method  of  setting  up  the  apparatus  for 
this  test  is   shown  by  photograph.  Fig.  3. 


Both    the   amount   and    distribution   of    moisture    in   the    timber   were 
obtained   from   borings   from  the   end   of  a   newlv   sawed   section.      Seven 
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i-inch  holes  two  inches  deep  were  bored  as  shown  by  photograph,  Fig. 
42.  Borings  from  the  four  holes  near  the  surface  were  kept  separate 
from  the  three  near  the  center  in  these  determinations.  A  section  1  inch 
thick  was  also  cut  from  each  of  the  test  stringers  and  dried  to  give  the 
average  moisture  through  the  timber. 

The  percentage  of  moisture  in  all  determinations  was  computed  on 
a  dry  basis,  i.  e.,  weight  of  the  dry  wood  was  considered  100  per  cent. 

The  method  used  for  determination  of  moisture  in  untreated  speci- 
mens is  not  applicable  to  the  determination  of  moisture  in  treated  speci- 
mens. The  discrepancies  are  due  to  volatilization  of  certain  constituents 
in  the  creosote  at  a  temperature  below  220  deg.  F.  The  method  of 
moisture  determination  for  treated  specimens  was  that  described  on  page 
52,  Volume  16,  Bulletin  168  of  the  American  Railway  Engineering  Asso- 
ciation.    The  method  used  was  as  follows : 

The  apparatus  for  determining  the  moisture  for  treated  specimens 
consisted  of  an  oil  bath  prepared  in  a  galvanized  iron  vessel  6  inches 
in  diameter,  and  18  inches  high,  using  lubricating  oil.  The  chips  on 
which  the  moisture  was  to  be  determined  were  previously  weighed  and 
placed  in  a  side  neck  distilling  flask.  The  flask  was  then  immersed  in 
the  oil  bath.  The  exit  tube  of  the  distilling  flask  extended  through 
the  galvanized  can.  An  oil-tight  joint  between  the  exit  tube  and  the 
can  was  made  by  means  of  a  wood  cork.  A  thermometer,  graduated  in 
Fahrenheit  degrees,  was  placed  in  the  neck  of  the  flask  through  a  wood 
cork.  The  entire  flask,  including  the  neck,  was  surrounded  by  the  lubri- 
cating oil  and  the  bath  carefully  heated  to  250  degrees  Fahrenheit  from 
8  to  12  hours.  Care  was  taken  not  to  exceed  a  temperature  of  250 
degrees  Fahrenheit  in  order  to  prevent  charring  of  the  wood  chips, 
which  gives  high  results,  due  to  volatilization  of  water  of  constitution 
in  the  cell  structure  of  the  wood. 

The  volatile  oils  and  water  expelled  by  the  heat  were  condensed 
in  the  body  of  the  pipette.  A  graduated  cylinder  under  the  mouth  of 
the  pipette  received  the  products  of  the  distillation.  When  it  was  seen 
that  no  more  volatile  products  were  being  expelled,  the  flame  from  a 
Bunsen  burner  was  applied  to  the  pipette  and  all  condensed  moisture 
and  volatile  oils  driven  into  the  graduated  cylinder. 

The  exact  volume  of  water  was  easily  determined  by  reading  off  the 
number  of  cubic  centimeters.  This  represented  the  weight  of  moisture  in 
original   specimen. 

ABSORPTION   OF  CREOSOTE. 

The  weight  of  creosote  per  cubic  foot  for  the  treated  specimens 
was  determined  as  follows  : 

The  weight  per  cubic  foot  of  dry  wood  in  each  treated  specimen 
was  assumed  as  being  that  of  the  corresponding  untreated  specimen  from 
the  same  stringer.  The  actual  weight  for  each  untreated  specimen  was 
obtained  and  using  the  dry  weight  of  the  untreated  specimen  as  above 
outlined  and  making  moisture  correction  in  the  treated  specimen,  the 
weight    of    creosote    absorbed    per    unit    of    volume    was    determined    by 
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difference.     The  creosote  per  square  foot  of  area  for  each  stringer  was 
also  computed  from  these  data. 

The  maximum,  minimum  and  average  penetration  of  creosote  was 
obtained  from  a  newly  sawed  section  48  inches  from  the  end  of 
the  specimen. 

FORMULAE. 

The  following  formulae  were  used  in  computing  the  strength  of 
specimens   in   the   transverse   and   compression   tests: 


0.75  X  P 
7  = 

bXd 

P'XL3 


TRANSVERSE   TEST. 

s. 

P 

A 

E.L. 

P' 
A 

R 

LX(P  + 

o.75 

X   W) 

E  — 

bXd2  4-7XbXd3XD 

COMPRESSION    TEST. 

Parallel  to  Grain.  Perpendicular  to  Grain. 

P  P'                    P                           P' 

J  =  C.S.  =  —  E.L.=—  C  =  —           E.L.  =  — 

A  A                  A                        A 

P'Xd 
E  — 


AXD 


P  =  Maximum  load,  pounds. 

5"=  Stress,  pounds  per  square  inch. 

C  =  Crushing  stress  at  0.5-inch  compression,   pounds  per   sq  in. 

C.  S.  =  Crushing  stress,  pounds  per  square  inch. 

/  =  Shearing  stress,  pounds  per  square  inch. 

P'  =  Load  at  elastic  limit,  pounds. 

E.  L.  =  Stress  at  elastic  limit,  pounds  per  square  inch. 

E  =  Modulus  of  elasticity,  pounds  per  square  inch. 

R  =■■  Modulus  of  rupture,  pounds  per  square  inch. 

W  =  Weight  of  specimen,  pounds. 

A  =  Cross   sectional  area,   square  inches. 

L  =  Length  of  span,  inches. 

D  =  Deflection  or  compression  at  elastic  limit,  inches. 

d  =  Depth  or  vertical  length  of  specimen,  inches. 

b  =  Breadth  of  specimen,  inches. 

PHOTOGRAPHS. 

The  photographs  presented  by  Figs.  1  to  43,  inclusive,  show  the 
methods  of  making  tests,  cross-sections  of  each  stringer,  representative 
specimens  after  test  showing  typical  failures,  penetration  of  creosote  in 
typical  specimens  and  location  of  borings  for  moisture  determination. 
The  cross-sections  of  specimens  53  and  55,  which  were  used  for  spe- 
cial test,  are  shown  by  Fig.  43.  The  photographs  of  the  cross-sections 
were  taken  at  the  ends  of  the  untreated  specimens,  nearest  the  center 
of  the  original  stringer,  and  consequently  may  be  considered  as  also  repre- 
senting the   structure   of  the   treated   specimens. 
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GRAPHS. 

Results  of  laboratory  tests  for  each  specimen  are  graphically  pre- 
sented by  Figs.  44  to  151,  inclusive.  On  each  sheet  results  of  transverse 
and  compression  tests  are  plotted.  The  curve  for  the  transverse  test 
shows  the  relation  of  fiber  stress  in  pounds  per  square  inch  in  the  outer- 
most fiber  to  the  deflection  in  inches.  The  curves  for  the  compression 
tests  show  the  relation  of  load  in  pounds  per  square  inch  to  the  deflec- 
tion in  inches.  The  elastic  limit  was  taken  at  the  point  on  the  curves 
where  the  relation  of  stress  to  strain  ceased  to  be  proportional. 

Diagrams  are  also  presented  on  each  sheet  showing  the  dimensions 
and  characteristics  of  the  individual  specimens  and  the  point  at  which 
load  was  applied.  Composite  graphs  showing  results  of  transverse  test 
for  each  of  the  four  charges,  superimposed  to  facilitate  the  study  of  the 
effect  of  treatment  and  variation  in  individual  specimens  tested,  are 
shown  in  Figs.   152  and   153, 
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Fig.  2. 

Method  of  making  compression  test  parallel  to  grain  in  200,000-lb. 
Olsen  machine.  Specimens  5x5x12  inches,  with  load  applied  through 
ball    and    socket    joint    under    head    of    machine. 
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Fig.  3. 

Method  of  making  compression  test  perpendicular  to  grain  in  100,000- 
lb.  Riehle  machine.  Load  applied  through  plate  6  inches  wide  with  slightly 
rounded  edges.  Deflection  measured  by  means  of  two  deflectometers — 
one  on  either  side. 
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Fig.  4. 

Cross-section  at  center  of  stringers  1  and  2.  Stringer  1  shows  side 
cut  averaging  11  growth  rings  per  inch,  with  average  growth  structure, 
and  pith  center,  g}4  inches  from  center  of  specimen.  Stringer  2  shows 
side  cut,  averaging  9  growth  rings  per  inch,  showing  irregular  growth 
and  a  large  percentage  of  spring  wood ;  pith  center  7  inches  from  cen- 
ter of  specimen. 


294 


TEST    OF    DOUGLAS    FIR    STRINGERS. 


Fig.  5. 

Cross-section  at  center  of  stringers  3  and  4.  Stringer  3  shows  box 
heart  cut,  averaging  7  growth  rings  per  inch,  with  large  percentage 
of  spring  wood,  and  pith  center  2  inches  from  center  of  specimen. 
Stringer  4  shows  side  cut  averaging  12  growth  rings  per  inch,  and  pith 
center  5-' 4  inches  from  center  of  specimen,  with  large  percentage  of 
spring  wood. 
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Fig.  6. 

.  .  Cross-section  at  center  of  stringers  5  and  6.  Stringer  5  shows  box 
heart  cut  averaging  20  growth  rings  per  inch,  with  small  percentage  of 
spring  wood,  and  pith  center  3  inches  from  center  of  specimen.  Stringer 
6  shows  side  cut  averaging  10  growth  rings  per  inch,  and  abnormal 
growth  with  small  percentage  of  spring  wood;  pith  center  6*4  inches 
from  center  of  specimen. 
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Fig.  7. 

Cross-section  at  center  of  stringers  7  and  8.  Stringer  7  shows  side 
cut  averaging  10  growth  rings  per  inch,  with  average  percentage  of 
spring  and  summer  wood  and  pith  center  6)4  inches  from  center  of 
specimen.  Stringer  8  shows  side  cut  averaging  12  growth  rings  per 
inch,  with  fairly  large  percentage  of  spring  wood,  and  pith  center  %lA 
inches  from  center  of  specimen. 
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Fig.  8. 

Cross-section  at  center  of  stringers  9  and  10.  Stringer  9  shows 
box  heart  cut  averaging  6  growth  rings  per  inch,  with  rank  growth 
and  large  percentage  of  spring  wood,  and  pith  center  3  inches  from 
center  of  specimen.  Stringer  10  shows  box  heart  cut  averaging  9  growth 
rings  per  inch,  with  small  percentage  of  spring  wood,  away  from  pith 
center  and  pith  center  i?4  inches   from  center  of  specimen. 
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Fig.  9. 

Cross-section  at  center  of  stringers  11  and  12.  Stringer  11  shows 
side  cut  averaging  11  growth  rings  per  inch,  with  irregular  growth  and 
large  percentage  of  spring  wood ;  pith  center  4>)4  inches  from  center 
of  specimen.  Stringer  12  shows  box  heart  cut  averaging  8  growth  rings 
per  inch,  with  large  percentage  of  spring  wood  and  pith  center  3  inches 
from   center  of  specimen. 
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Fig.  io. 

Cross-section  at  center  of  stringers  13  and  14.  Stringer  13  shows  side 
cut  averaging  9  growth  rings  per  inch,  with  large  percentage  of  spring 
wood,  average  growth  structure,  and  pith  center  4*4  inches  from  center  of 
specimen.  Stringer  14  shows  side  cut  averaging  27  growth  rings  per 
inch,  very  close  growth,  and  pith  center  5*4  inches  from  center  of 
specimen. 
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Fig.  ii. 

Cross-section  at  center  of  stringers  15  and  16.  Stringer  15  shows  side 
cut  averaging  14  growth  rings  per  inch,  with  average  percentage  of  spring 
and  summer  wood,  and  pith  center  554  inches  from  center  of  specimen. 
Stringer  16  shows  side  cut  averaging  11  growth  rings  per  inch,  with 
heavy  summer  growth,  and  pith  center  5  inches  from  center  of  specimen. 
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Fig.  12. 

Cross-section  at  center  of  stringers  17  and  18.  Stringer  17  shows 
box  heart  cut  averaging  10  growth  rings  per  inch,  with  a  large  percent- 
age of  spring  wood,  and  pith  center  3%  inches  from  center  of  specimen. 
Stringer  18  shows  box  heart  cut  averaging  21  growth  rings  per  inch, 
with  close  growth  rings,  and  a  large  percentage  of  spring  wood  around 
pith  center,  which  is   ll/2  inches  from  center  of  specimen. 
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Fig.  13. 

Cross-section  at  center  of  stringers  19  and  20.  Stringer  19  shows 
box  heart  cut  averaging  10  growth  rings  per  inch,  with  a  fairly  small 
percentage  of  spring  wood,  except  at  pith  center,  which  is  \}%  inches  from 
center  of  specimen.  Stringer  20  shows  side  cut  averaging  11  growth 
rings  per  inch  with  a  fairly  large  percentage  of  spring  wood  and  pith 
center  yl/2  inches  from  center  of  specimen. 
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Fig.  14. 

Cross-section  at  center  of  stringers  21  and  22.  Stringer  21  shows 
side  cut  averaging  15  growth  rings  per  inch  with  rather  irregular  growth 
and  a  large  percentage  of  summer  wood:  pith  center  8l/2  inches  from 
center  of  specimen.  Stringer  22  shows  side  cut  averaging  13  growth 
rings  per  inch,  with  irregular  growth  and  a  large  percentage  of  spring 
wood  :   pith  center  Sr/2  inches  from  center  of  stringer. 
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Fig.  is. 

Cross-section  at  center  of  stringers  23  and  24.  Stringer  23  shows 
side  cut  from  quarter  of  log,  averaging  19  growth  rings  per  inch, 
irregular  growth,  with  a  small  percentage  of  sap  wood  and  pith  center 
12^  inches  from  center  of  specimen.  Stringer  24  shows  side  cut  aver- 
aging 11  growth  rings  per  inch,  with  average  percentage  of  spring  and 
summer  wood,   and   pith   center  gV2   inches   from   center   of   specimen. 
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Fig.  16. 

Cross-section  at  center  of  stringers  25  and  26.  Stringer  25  shows 
box  heart  cut,  rank  growth,  averaging  7  growth  rings  per  inch,  with  small 
percentage  of  spring  wood  and  pith  center  2T/4  inches  from  center  of 
specimen.  Stringer  26  shows  side  cut  varying  structure,  averaging  11 
growth  rings  per  inch,  with  heavy  summer  growth,  and  pith  center  7 
inches  from  center  of  specimen. 


306  TEST    OF    DOUGLAS    FIR    STRINGERS. 


Fig.  17. 

Cross-section  at  center  of  stringers  27  and  28.  Stringer  2~  shows 
side  cut  averaging  ±S  growth  rings  per  inch,  and  showing  irregular 
growth  with  close  structure  starting  5l/2  inches  from  center,  small  per- 
centage of  spring  wood,  and  pith  center  5  inches  from  center  of  speci- 
men. Stringer  28  shows  side  cut  averaging  19  growth  rings  per  inch, 
and  showing  very  irregular  growth,  with  a  large  percentage  of  spring 
wood,  and  pith  center  Jl2  inches   from  center  of   specimen. 
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Fig.  18. 

Cross-section  at  center  of  stringers  29  and  30.  Stringer  29  shows 
side  cut  averaging  12  growth  rings  per  inch,  with  average  percentage  of 
spring  and  summer  wood,  and  pith  center  6  inches  from  center  of  speci- 
men. Stringer  30  shows  side  cut  averaging  13  growth  rings  per  inch  and 
showing  average  percentage  of  spring  and  summer  wood;  pith  center  8 
inches   from  center  of   specimen. 


308 


TEST    OF    DOUGLAS    FIR    STRINGERS. 


Fig.  19. 

Cross-section  at  center  of  stringers  31  and  32.  Stringer  31  shows 
box  heart,  cut  averaging  13  growth  rings  per  inch,  with  large  percentage 
of  spring  wood,  and  pith  center  2  inches  from  specimen.  Stringer  32 
shows  side  cut  with  varying  growth  rings,  averaging  19  per  inch,  average 
percentage  of  spring  and  summer  wood,  and  pith  center  644  inches  from 
center  of  specimen. 
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Fig.  20. 

Cross-section  at  center  of  stringers  33  and  34.  Stringer  33  shows 
side  cut,  irregular  growth,  averaging  11  growth  rings  per  inch,  with  a 
large  percentage  of  spring  wood,  and  pith  center  5  inches  from  center 
of  specimen.  Stringer  34  shows  side  cut  averaging  14  growth  rings 
per  inch,  showing  change  in  growth  conditions  along  line  of  demarcation, 
through  center  of  section,  small  percentage  of  spring  wood  and  pith  cen- 
ter 8->4   inches  from   center  of   specimen. 
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Fig.  21. 

Cross-section  at  center  of  stringers  35  and  36.  Stringer  35  shows 
box  heart  cut,  averaging  12  growth  rings  per  inch,  with  a  large  per- 
centage of  spring  wood,  and  pith  center  1 '  _>  inches  from  center  of 
specimen.  Stringer  36  shows  side  cut,  averaging  10  growth  rings  per 
inch,  with  large  percentage  of  spring  wood  and  pith  center  6  inches 
from  center  of  specimen. 
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Fig.  22. 

Cross-section  at  center  of  stringers  37  and  3$.  Stringer  2>7  shows 
side  cut  averaging  15  growth  rings  per  inch,  with  a  small  percentage  of 
spring  wood,  and  pith  center  5>_.  inches  from  center  of  specimen. 
Stringer  38  shows  box  heart  cut,  rank  growth  at  pith  center,  averaging 
7  growth  rings  per  inch,  with  a  large  percentage  of  spring  wood,  and 
pith  center  3%  inches  from  center  of  specimen. 
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Fig.  23. 

Cross-section  at  center  of  stringers  39  and  40.  Stringer  39  shows  side 
cut  averaging  13  growth  rings  per  inch,  showing  clearly  defined  irregular 
growth,  and  pith  center  gx/2  inches  from  center  of  specimen.  Stringer 
40  shows  box  heart  cut,  averaging  8  growth  rings  per  inch,  showing  a 
rank  growth  and  large  percentage  of  spring  wood,  and  pith  center  1 '  _> 
inches   from  center  of   specimen. 
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Fig.  24. 

Cross-section  at  center  of  stringers  41  and  42.  Stringer  41  shows 
side  cut  averaging  14  growth  rings  per  inch,  showing  irregular  growth 
with  large  percentage  of  summer  wood,  and  pith  center  2JA  inches 
from  center  of  specimen.  Stringer  42  shows  box  heart  cut,  rank 
growth  averaging  8  growth  rings  per  inch,  showing  a  large  percentage 
of  spring  wood,  and  pith  center   1    inch    from   center   of   specimen. 
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Fig.  25. 

Cross-section  at  center  of  stringers  43  and  44.  Stringer  43  shows 
side  cut  averaging  13  growth  rings  per  inch,  showing  a  fairly  large 
percentage  of  spring  wood,  and  with  pith  center  jy2  inches  from  center 
of  specimen.  Stringer  44  shows  side  cut,  averaging  17  growth  rings 
per  inch,  showing  an  everage  structure,  and  pith  center  8J4  inches  from 
center  of  specimen. 
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Fig.  26. 

Cross-section  at  center  of  stringers  45  and  46.  Stringer  45  shows 
side  cut  averaging  12  growth  rings  per  inch,  showing  a  small  percent- 
age of  spring  wood,  and  pith  center  7l/\  inches  from  center  of  specimen. 
Stringer  46  shows  side  cut  averaging  11  growth  rings  per  inch,  showing 
large  percentage  of  summer  wood,  irregular  growth,  and  pith  center 
5%  inches  from  center  of  specimen. 
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Fig.  27. 

Cross-section  at  center  of  stringers  47  and  48.  Stringer  47  shows 
side  cut  averaging  13  growth  rings  per  inch,  showing  uniform  structure, 
and  large  percentage  of  spring  wood ;  pith  center  10  inches  from  center 
of  specimen.  Stringer  48  shows  side  cut,  averaging  12  growth  rings 
per  inch,  irregular  growth,  an  average  percentage  of  spring  wood,  and 
pith  center  %y2  inches  from  center  of  specimen. 
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Fig.  28. 

Cross-section  at  center  of  stringers  49  and  50.  Stringer  49  shows 
side  cut  averaging  12  growth  rings  per  inch,  showing  a  large  percentage 
of  spring  wood  and  pith  center  6*4  inches  from  center  of  specimen. 
Stringer  50  shows  box  heart  cut  averaging  10  growth  rings  per  inch 
with  large  percentage  of  spring  wood,  and  pith  center  1  inch  from  center 
of  specimen. 
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Fig.  29. 

Cross-section  at  center  of  stringers  51  and  52.  Stringer  51  shows 
box  heart  cut,  abnormal  growth  averaging  ir  growth  rings  per  inch,  show- 
ing a  large  percentage  of  spring  wood  and  pith  center  3^  inches  above 
center  of  specimen.  Stringer  52  shows  box  heart  cut,  averaging  13  growth 
rings  per  inch,  a  large  percentage  of  spring  wood,  and  pith  center  i*4 
inches  from  center  of  specimen. 
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Fig.  30. 
Typical  longitudinal  shear  failures  after  transverse  test,  treated  string 
ers  26  and  8. 
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Fig.  31. 

_  Typical     slivering    tension     failures     after     transverse     test,     treated 
stringers  18  and  47. 


TEST    OF   DOUGLAS    FIR    STRINGERS.  321 


Fig.  32. 

Typical   longitudinal    shear    failures    after    transverse   test,    untreated 
stringers  17  and  37. 
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Fig.  33. 

Typical    slivering    tension    failures    after    transverse    test,    untreated 
stringers  25  and  40. 
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Fig.  34. 

Typical  cross  grain  tension   failures   after  transverse  test,   untreated 
stringers  45   and   7. 
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Fig.  35. 
Specimens   from  treated   stringers   after   compression   test   parallel   to 
grain.     Typical   failures   shown. 


Fig.  36. 

Specimens  from  untreated  stringers  after  compression  test  parallel  to 
grain.     Typical  failures  shown. 
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Fig.  37. 

Specimens  from  treated  stringers  after  compression  test  perpendicular 
to  grain.     Typical  failures  shown. 
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Fig.  38. 

Specimens    from    untreated   stringers    after   compression    test   perpen- 
dicular to  grain.     Typical   failures  shown. 
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Fig.  39. 
Cross-sections    of    treated    stringers    after    transverse    test,    showing 
penetration   of   creosote   in   a   close  growth   structure.      Section   48   inches 
from  end  of  specimen  taken. 
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Fig.  40. 

Cross-section  of  treated  stringers  after  transverse  test,  showing  pene- 
tration of  creosote  in  an  average  growth  structure.  Section  taken  48 
inches   from    end   of   specimen. 
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Fig.  41. 


Cross-section    of    treated    stringers    after    transverse    test^    s^«wj^ 

penetration  of  creosote  in  rank  growth  structure.    Section  taken  48  inches 
from  end  of  specimen. 
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Fig.  42. 

Cross-sections  of  stringers  showing  standard  location  of  holes  from 
which  borings  for  moisture  determinations  were  taken.  Seven  i-inch 
holes,  two  inches  deep,  located  as  shown  in  each  stringer.  Borings  from 
untreated  stringers  taken  from  cross-section  at  center  and  from  un- 
treated stringers  at  cross-sections  48  inches  from  center.  Borings  from 
three  interior  holes  used  for  moisture  determination  of  center  region, 
and  four  holes  around  edges  used  for  moisture  determination  at  outside 
edge.     Average  of  these  values  taken   as  moisture  content  of  stringer. 
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Fig.  43. 

Cross-sections  of  stringers  53  and  55  given  special  test  to  determine 
effect  of  treatment  on  strength  of  wood  fiber.  Treated  outer  surface 
planed  off  prior  to  test  and  specimen  reduced  from  6x16  inches  to  5T/4xi2^4 
inches. 

Stringer  53  shows  side  cut  averaging  12  growth  rings  per  inch,  with 
a  large  percentage  of  spring  wood,  and  pith  center  844  inches  from  cen- 
ter of  specimen.  Stringer  55  shows  box  heart  cut,  averaging  6  growth 
rings  per  inch  with  rank  growth,  large  percentage  of  spring  wood  and 
pith  center  1V2  inches   from  center  of  specimen. 

Depth  of  penetration  shown  by  photograph  is  not  representative  of 
the  original  cut.  due  to  flow  after  surfacing.  The  original  depth  can 
be   traced    (by  careful   examination)    as   about   one-third   of   that   siiown. 
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Table  1.     General  Conditions.     Treated  Douglas  Fir  Stringers. 


Actual   Creosote     Dry 

wei^it      per        weight  Rings 

Stiec.  Breadth,   Depth,       Length,         Weight     Moisture  lb. per     cu.   ft.    lb. per  per 

No.    inches       inches     ft.        in.       pounds     per  cent  cu.ft.     pounds     cu.ft.  inch 


1 
2 
3 

4 

5 
6 
7 
8 

9 
10 

11 
12 

13 
14 
15 
16 

17 
18 
19 
20 


25 
26 
27 
28 

29 
30 
31 
32 

33 
34 

35 
36 

37 

38 
39 
40 

41 
42 
43 
44 

45 

46 
47 
48 

49 
50 
51 

52 


7.11 
6.98 
7.07 
7.17 

7.04 
7.09 
7.11 
7.04 

6.95 
6.86 
6.94 
7.17 

7.09 
7.06 
7.03 
7.10 

7.03 
7.01 
7.03 
7.05 


21  7.07 

22  6. 96 

23  7.27 

24  7.23 


7.04 
7.04 
6.93 
7.13 

7.00 
7.09 
7.17 
7.13 

7.07 
7.17 
7.01 
7.01 
i 

7.08 
7.07 
7.02 
7.00 

7.22 

6.98 
7.10 
7.07 

7.17 

7.11 
6.90 
7.18 

7.15 
6.83 
7.11 
6.98 


16.15 
16.17 
16.25 
16.04 

16.33 
15.99 
16.25 
16.18 

16.15 
16.00 
16.13 
16.13 

15.83 
16.40 
16.25 
16.15 

16.00 
16.23 
16.13 
16.25 

16.04 
16.17 
16.25 
16.29 

16.19 
16.19 
16.17 
16.00 

16.17 
16.42 
16.25 
16.29 

15.98 
16.35 
16.17 
16.00 

16.25 
15.94 
16.15 
16.21 

16.00 
16.08 
16.25 
16.00 

16.00 
16.13 
16.00 
16.31 

16.13 
16.08 
15.90 
16.06 


15  5/8 

14  11-5/8 

15  3/8 
14  11-5/8 


14 
15 
15 
14 

15 
15 
15 
14 

14 
14 
14 
14 

15 

14 
15 
15 


15 
15 
lb 
15 

IS 

15 
15 
15 


11 

0 

5/8 

11-1/4 

0 

1/4 

1/2 

11-1/4 

11-3/8 
10-3/4 
11-3/4 
11-1/8 

5/8 

11-5/8 

3/6 

0 


14  11-3/8 

15  1/4 
15  7/8 
15  1-1/8 


15 
15 
15 
15 

15 
14 
15 
15 

15 
15 
14 
14 

14 

15 
15 
15 


1/2 

1 

1/2 

0 

1-1/2 
0 
0 

1 


15  7/8 

14  10-3/4 

15  3/4 
15  1/4 


5/8 

5/8 

0 

1/2 

1/4 

11-1/4 

0 

5/8 

0 

3/4 

11-3/4 

11-3/4 

11-3/4 

2-3/8 

1 

0 


Average    —  —         —         — 

Maximum    —  —         —         — 

Minimum    —  —         —         — 


543.0 
530.0 
507.5 
562.0 

561.0 
620.0 
562.0 
581.0 

520.0 
516.0 
591.0 

518.0 

544.0 
465.0 
595.5 
570.0 

553.5 
434.0 
557.0 
617.5 

606.5 
524.0 
602.0 
545.0 

550.0 
548.0 
495.0 
521.0 

523.0 
510.0 
490.0 
531.0 

548.0 
605.0 
471.0 
490.0 

607.0 
573.0 
540.0 
567.0 

558.0 
473.5 
497.5 
536.5 

584.0 
587.5 
491.0 
588.5 

523.0 
475.0 
448.0 
503.0 


53  7.10 

53a  5. 51 

55  6.94 

55a  5.49 


]5.73 
32.69 
16.17 
12.73 


14 
15 
15 
14 


11-1/2 
0 
0 

11-3/4 


620.0 
434.0 

510.0 
262.0 
445.0 
225.0 


23.7- 
22.9 
22.7 
26.1 

27.1 
20.4 
29.9 
25.0 

24.2 
29.1 
27.5 

24.8 

26.1 
25.0 
27.2 
27.0 

34.7 
25.2 
21.2 
25.3 

23.8 
25.8 
27.2 
27.8 

22.9 
30.2 
26.1 
27.1 

26.6 
24.2 
28.2 
21.6 

21.2 
28.4 
31.1 
28.2 

26.0 
29.2 
28.3 
25.4 

26.2 
30.0 
25.5 
26.8 

25.0 
26.4 
28.8 
19.0 

27.8 
27.1 
30.6 
22.3 


45.3 
45.2 
42.3 
47.0 

47.1 
52.5 
46.6 
49.2 

44.5 
45.1 
50.6 
43.2 

46.7 
38.8 
50.1 
47.9 

47.1 
36.7 
47.1 
51.8 

51.6 
44.6 
48.7 
44.2 

46.2 
45.9 
42.3 
43.9 

44.0 
42.1 
40.4 
43.7 

46.4 
49.9 


7 
.9 

5 
,6 
,7 
47.8 

46.3 
40.6 
41.4 
45.4 

48.8 
49.0 
42.6 
48.3 

43.6 
41.0 
37.9 
43.0 


12.2 

10.5 
14.1 
14.2 

12.6 
17.2 
12.2 
11.3 

15.4 
13.9 
15.8 
11.4 

12.3 
8.3 

13.7 
9.5 

15.4 

6.5 

14.1 

14.5 

14.7 

12.3 

9.8 

11.9 

11.3 
9.9 
9.3 

13.3 

11.2 
8.9 
9.9 

11.7 

10.0 

12.0 

3.5 

5.5 

10.1 

15.9 

8.5 

11.7 

8.5 

9.3 

12.3 

13.2 

10.2 

5.8 

12.6 

13.1 

8.6 

9.2 

9.8 

11.0 


26.  a 

11 

28.2 

9 

23.0 

7 

26.0 

12 

27.1 

20 

29.3 

10 

26.5 

10 

30.3 

12 

23.4 

6 

24.2 

9 

27.3 

11 

25.5 

8 

27.3 

9 

24.4 

27 

28.6 

14 

30.2 

11 

23.5 

11 

24.1 

21 

27.2 

10 

29.8 

11 

29.8 
25.7 
30.6 
25.3 

26.4 
27.7 
26.2 
24.1 

25.5 
26.7 
23.8 
26.3 

30.0 
29.5 
27.6 
29.2 

32.1 
25.3 
29.0 
28.8 

30.0 
24.1 
23.2 
25.4 

30.9 
34.4 
23.5 
29.6 

27.4 
25.0 
21.5 
26.2 


34.7 
19.0 


26.8 
29.1 


52.5 
36.7 

44.0 
36.0 
38.1 
31.0 


17.2 
3.5 


15 
13 
19 
11 

7 

n 

25 
10 

12 
13 
13 
19 

11 
14 
12 
11 

15 

8 

13 

8 

14 
10 
13 
17 

12 
11 
13 
13 

12 
10 
12 
13 


540.0    26.2    45.6    11.4    27.0    - 


34.4  — 

21.5  - 
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I  A?, 


Table 

2.     General  Cond 

itions.     Untreated  Douglas  Fir 

Stringers. 

Spec. 
No. 

Breadth, 
inches 

DeDth, 
inches 

Length, 
ft.       in. 

Weight, 
pounds 

lioisture 

per  cent 

Actual 
Weigit 

lb.     ner 

cu.  ft. 

Dry 
fife  iait 
1';.   'per 
cu.   ft. 

Rings 
ner 
inch 

1 
2 
3 

4 

7.03 
7.06 
7.05 
7.05 

16.31 
16.23 
16.25 
16.25 

14 
14 
14 
14 

9 
9-1/2 
8-5/8 
8-1/2 

438.5 
454.0 
384.0 
414.0 

39.4 
36.8 
42.5 
36.1 

37.3 
36.5 
32.7 
35.3 

26.8 
28.2 
23.0 
26.0 

11 
9 
7 

12 

5 
6 
7 
8 

7.00 
7.11 
7.04 
7.04 

16.27 
15.98 
16.21 
16.29 

14 
14 
14 
14 

10-3/8 
9-1/8 
8-3/4 

10-3/e 

440.0 
464.0 
433.5 
477.5 

37.7 
36.0 
39.9 
33.2 

37.4 
39.8 
37.1 
40.3 

27.1 
29.3 
26.5 
30.3 

20 
10 
10 

12 

9 
10 
11 

12 

6.95 
6.96 
6.98 
7.17 

16.17 
16.04 
16.21 
16.30 

14 
14 
14 
14 

9-5/8 
8-3/4 
8-3/e 
9-1/4 

383.0 
390.0 

444.0 
432.0 

4-2.0 
41.0 
40.6 

40.9 

33.2 
34.1 
38.4 
36.0 

23.4 
24.2 
27.3 
25.5 

6 

9 

11 

8 

13 
14 
15 
16 

7.08 
6.94 
7.09 
7.14 

15.96 
16.35 
16.33 
16.19 

14 
14 
14 
14 

8-3/4 
10 
10 

9-3/4 

452. 5 
401.5 
476.0 
500.0 

43.1 
41.0 
39.3 
39.0 

39.1 
34.4 
39.9 
42.0 

27.3 
24.4 
28.6 

30.? 

9 
27 
14 

11 

17 
18 
19 
20 

7.01 
6.97 
7.11 
7.14 

16.15 
16.23 
16.21 
16.17 

14 
14 
14 
14 

8-7/8 
9-1/8 
8-3/4 
9-3/8 

396.5 
404.5 
455.0 
497.0 

45.4 
44.7 
41.7 
40.6 

34.2 
34.9 

38.6 
41.9 

23.5 
24,1 
of  r> 

29ie 

11 
21 
10 

11 

21 
22 
23 

24 

7.06 
7.00 
7.36 
7.00 

16.13 
16.35 
16.31 
16.29 

14 
14 
14 
14 

9-3/8 
9-5/8 
8-5/8 
8-1/8 

477.0 
415.0 
511.5 
401.0 

37.1 
37.4 
36.0 
36.3 

40.8 
35.3 
41.7 
34.5 

29.3 
25.7 
30.6 
25.3 

15 
13 
19 

11 

25 
26 
27 
28 

6.99 
7.09 
6.96 
7.08 

16.25 
16.25 
16.15 
16.23 

14 

14 
14 
14 

8-5/e 

9 

8-1/4 

8-3/4 

466.0 

465.0 

4ie.o 

407.5 

39.0 
42.3 

38.7 
43.6 

40.1 
39.4 
36.4 
34.7 

28.4 
27.7 

26.2 
24.1 

7 
11    • 
25 

10 

29 
30 
31 
32 

7.06 
7.15 
7.10 
6.97 

16.31 
16.25 
16.23 
16.25 

14 
14 
14 
14 

8 

9 

9-3/6 

8-1/2 

407.5 
446.0 
391.0 
425.0 

36.1 

40.4 
39.1 
39.8 

34.  e 

37.5 
33.1 
36.7 

25.5 
26.7 
23.8 
26.3 

12 
13 
13 
19 

33 
34 
35 
36 

7.18 
7.21 
7.08 
7.13 

16.00 
16.33 
16.15 
15.92 

14 
14 
14 
14 

8-5/8 

10-1/8 

8-1/2 

9 

468.5 
505.0 
426.0 
471.0 

38.4 

41.0 
31.9 
38.4 

41.6 
41.6 
36.5 
40.5 

30.0 
29.5 
27.6 
29.2 

11 
14 
12 

11 

37 
38 
39 
40 

7.11 
7.09 
7.05 
6.94 

16.27 
16.25 
16.08 
16.25 

14 

14 
14 
14 

8-5/8 

8-5/8 

8-3/4 

9 

506.0 
397.0 
454.0 
457.0 

33.1 
33.3 
34.9 
37.2 

42.8 
33.7 
39.2 
39.6 

32.1 
25.3 
29.0 
26.8 

15 
7 

13 
8 

41 
42 
43 
44 

7.24 
7.01 
7.06 
7.08 

16.15 
16.42 
16.25 
16.06 

14 
14 
14 
14 

10-3/4 

11-3/8 

9-1/6 

6-1/2 

495.0 
408.0 
379.0 
433.0 

36.2 

41.3 
38.7 
47.0 

40.9 
34.1 
32.2 
37.3 

30.0 
24.1 
23.2 
25.4 

14 
10 
13 
17 

45 
46 
47   - 
48 

7.25 
7.13 
6.84 
7.18 

16.23 

15.92 
16.02 
16.63 

14 
14 
14 
14 

10-3/4 
9-1/8 
8-3/4 
7-7/8 

503.0 

520.0 
410.5 
498.5 

33.6 

29.6 
55.5 
38.6 

41.3 
44.7 
36.6 
41.0 

30.9 
34.4 
25.5 
29.6 

12 
11 
13 
13 

49 

50 
51 
52 

/.10 

6.69 
7.11 
6.92 

16.08 
16.06 
16.08 
16.06 

14 
14 
14 
14 

10 

0-1/4 

10-1/4 

10 

451.5 
400.0 
395.0 
407.5 

40.1 
41.1 
55.7 
35.3 

38.4 
35.2 
33.5 
35.6 

27.4 
25.0 
21.5 
26.2 

12 
10 
12 
13 

Average 

- 

- 

- 

- 

441. 

39.4  ' 

37.6 

27.0 

- 

Maximum     — 
Minimum    — 

— 



_ 

520.0 

379.0 

55.7 

29.6 

44.7 
32.2 

34.4 

21.5 

— 
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Table  3.     Jesuits  of  Transverse  Tents.     Treated  Douglas  Fir  Stringers. 


Modulus  Deflec- 

Elastic         of  tion  at 

Limit      Rupture  Elastic 

Spec.     lb.     per  lb.     per  Limit, 

.  no.         S}.    in.     sq.    in.  inches 


1 
2 
3 
4 

5 
6 
7 
8 

9 
10 
11 
12 

13 

14 
15 
16 

17 
18 
19 
20 

21 
22 
23 
24 

25 
26 
?7 

28 


41 
42 
43 
44 

45 
46 
47 
48 

49 
50 
51 
52 


Deflec- 
tion at  Modulus  of  Longitudinal 
Maximum  Elasticity  Snear        Tytie  of 
Load,  lb.     per  ib.     per 
inches  sq.   in.  sq.    in.    T 


7ai  lure 


3209 
3251 
4082 
4138 

4115 
5280 
3618 
4144 

2074 
3385 

1436 
3188 

4290 

3130 
3660 
4120 

2370 
2760 
4170 
2760 

4060 
3260 
3540 
3540 

3680 
3680 
3280 
4175 


29 

4165 

30 

3105 

31 

3135 

32 

4030 

33 

4225 

34 

1790 

35 

2325 

36 

2370 

37 

4530 

38 

3310 

39 

3710 

40 

3230 

3220 
2825 
3170 
3750 

3240 
5035 
3840 
3990 

3645 
3360 
2640 
3770 


Average  3481 

Maximum  5280 

Minimum  1436 

53  3B60 

53a  3820 

55  3270 

55a  2860 


4985 
4875 
4640 
4960 

5060 
5725 
4280 
6315 

3075 
5110 
3990 
4420 

4900 
4050 
3840 
6635 

3490 
3705 
5070 
3575 

4290 

4115 
4580 
4700 

5045 
5120 

4440 
5300 

6075 
5060 
3365 

5220 

6690 
3590 
3020 
3665 

5390 
4480 
4740 
4450 

4173 
4195 
4050 
4945 

4835 
6450 
5600 
5090 

4705 
4680 
3630 
4940 

4680 

6690 
3020 

4760 

5400 
3790 
3505 


0.68 
0.72 
1.00 
0.84 

0.78 
1.05 
0.85 
0.84 

0.53 
0.76 
0.36 
0.64 

0.83 

0.86 
0.69 
0.73 

0.55 
0.79 
0.79 
0.65 

0.90 
0.78 
0.79 

0.82 

0.76 
0.83 
0.82 
0.87 

0.91 
0.68 
0.78 

0.84 

0.74 
0.38 
0.56 
0.63 

0.95 
0.84 
0.90 
0.69 

0.70 
0.73 
0.80 
0.80 

0.68 
0.97 
0.81 
0.80 

0.80 
0.78 
0.77 
0.97 

0.77 

1.05 

0.36 

1.05 
1.05 
0.99 
1.00 


2.50 

2.40 
2.50 
1.86 

3.40 
2.00 
2.00 
1.64 

3.12 
3.25 

4.10 
1.52 

2.13 
2.35 
3.70 
1.64 

6.60 
3.00 
2.25 
3.50 

1.72 
2.10 
2.02 

3.03 

2.60 
2.20 
3.65 
1.75 

2.80 
3.00 
1.10 
2.40 

2.80 
6.00 
4.75 
4.70 

2.90 

1.48 
3.80 
3.10 

3.50 
3.44 
1.62 
1.94 

1.24 
1.65 
2.36 
2.00 

2.00 

2.76 
1.20 
4.08 

2.71 

6.60 

1.10 

1.50 
2.15 
1.40 
1.30 


1.728,800 

■  657  200 

496  300 

826  300 


898  000 
892  100 
556  000 
808  000 


1  429  500 
1  889  300 
1  442  200 
1  B26  500 

1  942  300 
1  314  000 

1  938  700 

2  078  500 

1  783  000 
1  276  700 
1  945  800 
1  539  400 

1  671  100 

1  538  300 

1  637  500 

1  574  200 

1  776  100 
626  700 
468  900 
786  100 


604  200 
649  500 
457  100 
752  000 


2  126  400 
1  694  000 
1  520  800 
1  394  000 

1  748  000 
1  463  600 
1  515  700 
1  711  000 

1  704  000 
1  427  500 
1  444  800 
1  741  500 

1  672  900 

i  915  000 
1  762  300 
1  820  800 

1  679  200 
1  588  600 
1  375  100 
1  43e  100 

1  666  2  On 

2  126  400 
1  276  700 


357 
349 
334 
354 

361 
400 
307 
453 

219 
362 
285 
316 

344 
294 
397 
410 

247 

266 
276 
255 

304 
295 
329 
339 

362 
362 

318 
376 

436 
369 
242 
384 

475 
259 
216 
260 

389 
316 
339 
319 

234 

299 
291 

351 

343 
462 
397 
368 


Shear 
Shear 
Shear 
Shear 

Shear 
Tension 
Tension 
Shear 

Shear 
Shear 
Tension 
Shear 

Shear 
Tension  k   Shear 
Shear 
Shear 

Shear 
Tension 
Shear 
Tension 

Tension 
Shear 
Shear 
Shear 

Tension 
Shear 
Shear 
Tension 

Tension 
Tension 
Shear 
Shear 

Shear 
Tension 
Tension  Si  Shear 
Shear 

Shear 
Tension 
Shear 
Shear 

Tension  k   Shear 
Crush  k   Shear 

Shear 

Shear 

Tension  &  Shear 
Shear 
Shear 
Tension 


389  800 
705  000 
214  100 
331  900 


475 
216 

421 
304 
263 
197 


336  Shear 

334  Tension 

255  Shear 

352  Crush  St  Shear 

333 


Tension 
Tension 
Tension 
Tension 
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Table  4.  Remit 

s  of  Trans 

verse  Tests.  Untre 

'-ted  Douglas 

Fir  Str 

ingers. 

St>ec. 
No. 

Elastic 

Limit 
lb.  per 

sq.  in. 

Modulus 

of 
Rupture 
lb.  per 
8}.  in. 

Deflec- 
tion at 
Elastic 
Limit, 
inches 

Deflec- 
tion at 
Maximum 
Load, 
inches 

Modulus  of  Longitudinal 

Elasticity    Shear    Type  of 
lb.  per    lb.  per  3V 
sq.  in.     sq.  in.  Failure 

1 
2 
3 

4 

4072 
4822 
4083 
4538 

5930 
5730 

5165 
5890 

0.88 
1.02 
0.93 
0.89 

693,000 
639  000 
613  000 
873  900 

430 

■413 
373 
426 

Crush  h   Shear 
Tension 
I  en  s  i  on 
Shear 

2.48 
2.34 
2.00 
1.45 

1 
1 
1 
1 

5 
6 
7 
8 

4113 
5119 
4569 
4972 

5735 
6510 
5905 
6090 

0.81 
1.07 
j. 92 
1.12 

1.53 
3.26 
1.60 
1.60 

1 
1 
1 
1 

859  000 
787  500 
828  000 
627  200 

415 

462 
425 
441 

Shear 
Shear 
Tension 
Tension 

9 
10 

B 

3720 
4249 
4620 
4438 

4600 
5300 
6440 
5655 

0.99 
0.88 
0.89 
1.00 

2.50 
3.36 
2.32 
2.60 

1 
1 
1 

1 

386  100 
794  200 
906  000 
624  500 

330 
378 
476 
409 

Tear,  ion 
Sheer 
Tension 
Tension  h   Siiear 

13 
14 
15 
16 

4689 
3200 
5355 
4970 

5990 
4105 
6930 
6400 

0.91 
0.86 
1.15 
0.85 

2.65 
1.20 
2.80 
1.38 

1 
1 

1 
2 

925  100 
349  200 
707  400 
153  800 

457 
396 
503 
460 

Shear 
Tension 
Tension  &.  Shear 
Shear 

17 
18 
19 
20 

3245 
3690 
5420 
4530 

5540 
5055 
6770 
6470 

0.67 
0.95 
0.97 
0.97 

2.95 
2.80 
1.72 
2.14 

1  863  000 

1  425  000 

2  060  000 
1  724  600 

394 
364 
490 
464 

Crush  &  Tension 
Tension 
Shear 
Shear 

21 
22 
23 
24 

3690 
4070 
4750 

4095 

5190 
4925 
5335 

4850 

0.80 
0.88 
1.08 
0.97 

2.30 
1.56 
3.20 
3.23 

1 
1 
1 
1 

701  300 
666  000 
605  100 
545  800 

371 
360 
362 
351 

Tension 

Tension 
Tension  h   Shear 
Shear 

25 
26 
27 

26 

5020 
4070 
3730 
4530 

6540 
5610 
5010 
5590 

1.02 

u.78 
0.82 
1.00 

2.60 

1.45 
3.00 
2.06 

1  768  300 

1  913  000 
1  678  600 
1  665  500 

473 

405 
359 
403 

Tension 
Sheer 
Shear 
Tension 

29 

30 
31 
32 

'  4050 
4480 
3615 
4140 

5740 
5600 
5470 
6600 

0.94 

0.93 
0.83 
0.89 

2.16 
2.00 
4.16 
2.40 

1 
1 

1 
1 

575  200 
849  500 
600  700 
207  400 

416 

404 
394 
477 

Shear 
Shear 
Crush 
Shear 

33 
34 
35 

36 

5060 
3960 
3670 
4220 

6990 

6150 
4435 
5070 

0.98 
0.78 
0.87 
0.87 

2.37 

2.-54 
1.43 
2.40 

1 
1 
1 
1 

924  900 
851  000 
555  700 
812  500 

497 

446 
318 
358 

Tension 
Tension 
Tension 
Tension 

37 
30 
39 
40 

4500 
3620 
3720 
4610 

7325 
4405 
5055 
5790 

0.79 
0.90 

0.85 
0.98 

2.45 
2.50 
2.00 
4.10 

2 
1 
1 
1 

064  700 
473  900 
618  500 
728  600 

530 

318 
361 
418 

Tension 
Tension 
Tension 
Crush  &  Taision 

41 
42 

43 
44 

4040 
3140 

3630 
4630 

4725 
4435 
4260 
5970 

0.83 
0.80 
0.96 
0.99 

1.44 
2.28 
1.84 
1.92 

1 
1 
1 
1 

792  500 

418  900 
387  400 
735  000 

358 
323 
299 
420 

Tension 
Tension 
Tension 
Shear 

45 
46 

47 
48 

4430 
5610 
4335 
4260 

5905 
7990 

6400 
6100 

0.94 

1.03 
0.99 
0.78 

1.41 
2.14 
2.67 
1.90 

1 
1 
1 
1 

730  500 
946  400 
630  900 
957  300 

425 

565 
456 
451 

Tension 
Tension 

Tension 
Tension 

49 
50 
51 
52 

3690 

42eo 

4140 
3790 

6355 
5460 
5115 
5300 

J.  74 
1.00 

0.99 

,.66 

4.25 

2.43 
1.53 
3.30 

1 
1 
1 
1 

751  500 
294  800 
548  700 
599  300 

466 
320 
365 
578 

Tension 
Tension 
Shear 
Tension 

Average 

4269 

5691 

0.91 

2.32 

1 

701  900 

411 

Maximum 
Minimum 

'3610 
3140 

7990 

4105 

1.15 
0.67 

4.25 
1.20 

1 

153  000 
207  400 

565 
299 
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Table  5 

Results  of  Compression  Tests  Parallel  to 
Treated  Douglas  Fir  Stringers. 

Grain. 

Spec. 
No. 

Elastic 

Limit 
lb.      per 

sq.    in. 

Maximum 

Load 

lb.      :>er 

sq.    in. 

Deflec- 
tion at 
Elastic 

Limit, 
inches 

Deflec- 
tion at 
Maximum 
Load, 
inches 

Modulus  of 
Elasticity- 
lb.     per 
sq.    in. 

Type  of 
Failure 

1 
2 
3 

4 

3e23 
3950 
2806 
3930 

3983 
4325 
3168 
3930 

0.076 
0.072 
0.064 
0.094 

0.090 
0.084 
0. 080 
0.094 

607,200 
653  500 
525  000 
502  000 

Crush 
Crush 
Crush 
Crush 

5 
6 
7 

8 

4524 
3942 
3778 
4418 

4524 
4376 
3778 
4820 

0.071 
0.075 
0.070 
0.078 

0.071 
0.110 
0.070 
0.095 

773  000 
634  500 
648  000 
690  000 

Crush  &  Shear 

Crush 
Crush  &  Shear 

Crush 

9 

10 
11 

12 

2833 
4297 
3517 
2550 

3160 
4297 
3907 
2901 

0.060 
0.080 
0.060 
0.066 

0.089 
0.080 
0.070 
0.085 

570  500 
649  500 
705  000 
409  500 

Crush 
Crush 
Crush 
Crush 

13 
14 
15 
16 

3650 
3143 
4255 
3707 

4000 
3340 
4255 
3707 

0.083 
0.071 
0.090 
0.085 

0.105 
0.108 
0.090 
0.085 

528  000 
539  000 
571  000 
527  000 

Crush 
Crush 
Crush 

Crush 

17 
18 
19 
20 

3778 
2621 
4725 
3543 

3979 
2822 
4881 
3938 

0.095 
0.064 
0.078 
0.072 

0.124 
0.030 
0.090 
0.096 

478  300 
497  500 
730  000 
583  300 

Crush 

Crush 
Crush 
Crush 

21 
22 
23 

24 

3991 
4015 
4185 
4040 

4511 
4215 
4300 
4080 

0.080 
0.073 
0.090 
0.074 

0.107 
0.090 
0.106 
0.090 

600  500 
660  000 
559  000 
663  300 

Cru  -sh 
Crash 
Cru  si 
Crush 

25 
26 
27 

28 

3515 
3791 
3160 
3313 

3670 
4310 
3320 
3509 

0.067 
0.073 
0.072 
0.072 

0.079 
0.096 
0.089 
0.079 

632  500 

631  500 
533  500 
556  500 

Cru-jh 
Crush 
Crush 
Brush 

29 
30 
31 
32 

2789 
3078 
2358 
3920 

3187 
4000 
2593 
4000 

0.057 
0.070 
0.057 
0.071 

0.070 
0.090 
0.084 
0.082 

623  500 
673  000 
501  000 
667  000 

Crush 
Crush 
Crush 
Shear 

33 
34 
35 
36 

5080 
4230 
2767 
2575 

5235 
4430 
2846 
2772 

0.088 
0.063 
0.070 
0.058 

0.100 
0.078 
0.093 
0.070 

674  000 
814  500 
477  500 
540  000 

Crush  k  Shear 

Crush 
Crush  h  Shear 

Crush 

37 
38 
39 
40 

4590 
3125 
3460 
2936 

4750 
3633 
3537 
3288 

0.084 
0.069 
0.073 
0.058 

0.104 
0.089 
0.092 
0.077 

650  000 
527  000 
577  300 
614  000 

Crush 
Crush 

Cru  oh 
Crush 

41 
42 
43 

44 

3983 
2540 
3315 
4600 

4540 
2930 
3587 
4880 

0.082 
0.055 
0.064 
0.077 

0.117 
0.071 
0.089 
0.103 

582  500 

554  000 
632  500 
716  500 

Crash 
^rush 
Crush 

Crusn 

45 
46 
47 
48 

3596 
4002 
3845 
3875 

3631 
4002 
4330 
4070 

0.076 
0.063 
0.066 
0.075 

0: 086 
0.096 
0.090 
0.087 

579  000 
704  000 
702  000 
627  500 

Crush 
Crush 
Crush 
Crush 

49 
'50 
51 
52 

3250 
3019 
3500 
3530 

3415 
3300 
3500 
3803 

0.062 
0.067 
0.075 
O.070 

0.077 
0.092 
0.075 
0.098 

790  000 
511  500 
564  500 
608  500 

Crush 
Crush 
Crush 

Crush 

Average 

3629 

3869 

0.072 

0.069 

607  100 

Maximum 
Minimum 

5080 
2358 

5235 
2593 

0.095 
0.055 

0.124 
0.070 

614  500 

409  500 

53 
55 

2377 

3938 

2772 

4330 

0. 051 
0.070 

0.068 
0.090 

566  500 

690  000 

Crush 
Crush 
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Table  c 

Results 
Untr- 

of  Compre 
atod 

asion  Test 
i"3  Fir  Str 

Parallel   to 

Gra-ir 

ngers. 

, 

Spec. 

No. 

Elastic 
Limit 

lb.      per 
sq.    in. 

Maximum 

Load 

lb.      per 

sq.    in. 

Deflec- 

1 1  on  at 

Limit, 
inches 

Deflec- 
tion at 
Maximum 
Load, 
inches 

Modulus   of 

Elasticity 

lb,      per 

sq.    in. 

Type  of  Failure 

1 
2 
3 
4 

4872 
4010 
3407 
3963 

4872 
4459 
3487 
4420 

0,065 
0.078 
0.099 
0.079 

0.085 
0.108 
0.114 
0.118 

687 
623 
413 
605 

,000 
500 
000 
500 

Crush 
Crush 
Crush 
Crush,    Vertical 

5 
6 
7 
8 

3752 

4425 
3585 
3609 

4345 
4770 
4381 
4010 

0.077 
'J.  085 
0.  070 
0.089 

0.096 
0.103 
0.  090 
0.115 

593 
626 
617 
485 

500 
000 
500 
000 

Crush  k  Shear 
Crush 
Crush 
Crush 

9 
10 

11 

12 

3358 
2960 
4760 
4580 

3752 
2960 
4958 
4580 

J.  066 
0.064 
0.079 
0.068 

0.080 

0.064 
0.085 
0. 068 

621 

554 
726 
811 

000 
000 
500 
000 

Crusn 
Cras.n 
Crush 
Crush  k  Shear 

13 
14 
15 
16 

3752 
3352 

4740 
4948 

3945 
3904 
5100 
5145 

0.080 
0.073 
0.087 
0.093 

0.093 
0.078 
0.110 
0.100 

560  500 
555  000 
657  500 
643  000 

Crush 
Crush 
Crush 

Crash 

17 
18 
19 
20 

3155 
2976 
2630 
3245 

3155 
2976 
2750 
3610 

0.072 
0.080 
0.073 
0.094 

0.072 
0.080 
0.096 
0.123 

531 
450 
425 
415 

000 
500 
200 
000 

Crush 
Crush 
Crush 
Crush 

21 
22 
23 

24 

5109 
3372 
3878 
4128 

5380 
3655 
4080 
4320 

0.094 
0.064 
0.070 
0.080 

0.115 
0.100 
0.075 
0.093 

661 
636 
666 
621 

500 
500 
000 
000 

Cni3h 
Crush 
Crush  k  Shear 
Crush 

25 
26 
27 
28 

4490 
4345 
4025 
4322 

4695 
4345 
4340 
4322 

0.083 
0.075 
0.073 
0.091 

0.102 
0.075 
0.098 
0.091 

652 
701 
665 
577 

500 

500 
600 
000 

Cras.n 
Crash 
Crash 
Crush 

29 
30 
31 

32 

3358 
4200 
5441 
3960 

3752 

4200 
3441 
4360 

0.060 
0.085 
0.084 
0.073 

0.068 
0.085 
0.084 
0.104 

675  000 

600  000 
500  000 
656  000 

Crush 
Crush 
Crush 
Crush 

33 
34 
35 
36 

4535 

4564 
2806 
3007 

4890 
4760 
3007 
3127 

0.078 
0.076 
0.069 
0.079 

0.110 
0.081 
0.061 
0.098 

706 
720 
491 
457 

000 
000 
000 
000 

Crush 
Crash 
Crush 
Crush 

37 
38 
39 
40     • 

5332 
2611 
3778 
2765 

5530 
3013 
3857 
3279 

0.084 
0.065 
0.071 
0.058 

0.086 
0.091 
0.066 
0.080 

769 
486 
635 
560 

000 

500 
000 
000 

Crush 
Crush 
Crush  k  Shear 
Crush 

41 
42 
43 
44 

4330 
3225 
3538 
3600 

4528 
3708 
4322 
3920 

0.092 
0.067 
0.072 
0.068 

0.107 
0.104 

0.091 
0.090 

574  500 
573  000 
596  500 
641  500 

Crush 
Crush 
Cru3h 
Crush 

45 
46 
47 
48 

3550 
4828 
4770 
5173 

3942 
4828 
4770 
5173 

0.073 

0.084 
0.100 
0.095 

0.091 
0.084 
0.100 
0.095 

592 

698 
580 
657 

000 

500 
000 
000 

Crash 
Crush  k  Shear 

Crush 
Crush  k  Shear 

49 
50 
51 
52 

4260 
2611 
3695 
3570 

43eo 

2972 
3695 
3768 

0.076 
0.061 
0.078 

0.083 

0.090 
0.093 
0.078 
0.092 

668 

519 
568 
520 

000 
500 
000 
000 

Crush 
Crush 
Crush 
Crush 

Average 

3873 

4114 

0.078 

0.092 

601 

000 

Maximum 
Minimum 

5332 

2611 

5530 
2750 

0.100 
0.058 

0.123 
0.064 

811 
413 

000 
000 
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Table  7 

Results 

Treat 

of  Compres 
ja  Douglas 

sion  Tests  Perpendicul 
Fir  Stringers. 

\r  to  Grain 

Spec. 
Ho. 

Deflec- 

l pounds  per 

jr'a  deflect 

3/16- in. 

Elastic 

Limit 
lb.      per 

sq.    in. 

tion  at 

Elastic 

Limit, 

inches 

Load  ir 

inch  f 

1/10- in 

square 
ion  of,- 
3/8-  in. 

Type  of  Failure 

1 

3 

4 

208 
277 
415 
207 

0.037 
0.037 
0.051 
0. 031 

350 

470 
570 
410 

410 
500 
630 
450 

52C 
580 
700 
570 

Crush  &  Split 
Crush  h  Split 

Crush 
Crush  &  Split 

5 
6 
7 
8 

206 
413 
275 
488 

0.040 
0.036 
0.057 
0.059 

350 
630 
400 
690 

420 

740 
460 
720 

560 
890 
570 
820 

Crush 

Crush 
Crush  Si  Sr»lit 
Crush  Si  -Split 

9 

10 
11 
12 

346 
208 
413 
207 

0.046 
0.040 
0.044 
0.030 

580 

310 
600 
380 

530 
360 
680 
430 

620 
470 
790 
560 

Crush  &  Split 
Crush  &  Split 
Crush  &  Split 
Crush 

13 
14 
15 
16 

348 
278 
346 
413 

0.064 
0.066 
0.064 
0.056 

450 
400 
475 
560 

500 
430 
550 
620 

620 
530 
660 
750 

Crush  & 
Crush  Si 
Crush  Si 
Crush  & 

Split 
Split 
Split 
Split 

17 
18 
19 
20 

207 
275 
412 
277 

0.045 
0.050 
0.052 
0.051 

520 
390 
570 
380 

580 
450 
630 
430 

730 
550 
770 
570 

Cru;.h 
Crush  &  Split 
Crush  a  Split 
Crush  k  Split 

21 
22 
23 

24 

277 
276 
206 
211 

0.043 
0.075 
0.040 
0.046 

430 

340 
440 
330 

540 
420 
510 
370 

700 
510 
570 
450 

Crush  k 
Crush  k 

Crush  Si 
Crush  k 

Split 
Split 
Split 
Split 

25 
26 
27 

28 

615 
412 
207 
414 

0.064 
0.057 
0.023 
0.048 

740 
530 
400 
630 

790 
600 
470 
690 

900 
670 
620 
800 

Crush  k 
Crush  k 
Crush  k 
Crush  k 

Split 
Split 
Split 

Split 

29 
30 
31 
32 

347 
207 
207 
347 

0.057 
0.036 
0.044 
0.083 

470 
330 
340 
380 

500 
380 

380 
460 

580 

470 
490 
570 

Crush  k 
Crush  Si 
Crush  Si 
Crush  £i 

Split 

Split 
Split 
Split 

33 
34 
35 
36 

417 
277 
276 
208 

0.065 
0.038 
0.034 
0.043 

550 
450 
310 
330 

600 

520 
480 
400 

750 
640 
630 
500 

Crush  Si 
Crush  k 
Crush  Si 
Crush  Si 

Snlit 
Split 
Split 
Split 

37 
38 
39 

40 

278 

419 
210 
486 

0.039 
0.056 
0.031 
0.048 

470 

580 
440 
620 

520 
650 

460 
660 

640 
790 
550 
740 

Crush  k 
Crush  k 
Crush  k 
Crush  k 

Split 
Spl  it 
Split 
Split 

41 
42 
43 
44 

414 
345 
275 
207 

0.080 
0.049 
0.056 
0.036 

510 

500 
350 
430 

570 
560 
390 
470 

730 

670 
460 
550 

Crush  Si 

Cms)" 

Crush  k 

Crush  Si 

Split 

Split 

Split 

45 
46 
47 
48 

346 
478 
346 
550 

0.046 
0.047 
0.047 
0.047 

520 
670 
440 
660 

600 

730 
490 
720 

710 
850 
600 
830 

Crush  Si 
Crush  Si 
Crush  2t 
Crush  Si 

Split 
Split 
Split 
Split 

49 
50 
51 
52 

346 
275 
208 
417 

0.043 
0.048 
0.039 
0.050 

460 
410 
350 
530 

510 
470 
410 
600 

620 
610 
530 
720 

Crush  3t 

Crush  k 
Crush  k 
Crush  Si 

Split 
Split 
Split 
Split 

Average 

322 

0.048 

470 

530 

640 

Maximum 
Minimum 

615 
206 

0.080 
0.028 

740 
310 

790 
360 

900 
450 

53 
55 

278 
277 

0.040 
0.039 

550 

460 

560 

510 

600 
o90 

Crush  & 
Crush  Si 

Split 

Split 
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Table  8. 


Results  of  Compression  Tests  Perpendicular  to  Grain. 
Untreated  Douglas  Fir  Stringers. 


Spec. 

No. 


Elastic 

Limit 
lb.  oer 

eq.  in. 


Deflec- 
tion at 
Elastic 
Limit, 
inches 


Load  in  pounds  per  square 

inch  for  a  deflection  oft- 

1/10- in.  3/16- in.  3/8- in. 


Type  of  Failure 


3 
4 

5 
6 
7 
8 

9 

10 
11 

12 

13 
14 
15 
16 

17 

18 
19 
20 

21 

22 
23 

24 

25 
26 
27 
28 

29 
30 

31 
32 

33 
34 
35 
36 

37 

36 
39 
40 

41 
42 
43 
44 

45 
46 
47 
48 

49 
50 
51 
52 


413 
413 
434 
417 

415 
417 
414 
416 

420 

415 
415 

414 

411 

413 
415 
484 

346 
415 
412 
414 

346 
413 
417 
422 

418 
415 
417 
415 

493 
417 
627 
417 

481 
621 
485 
415 

417 
485 
625 
484 

415 
415 
416 
418 

413 
485 

463 
411 

350 
417 
411 
551 


Average    438 


Maximum 
Minimum 


627 

346 


0.037 
0.060 
0.042 
0.059 

0.058 
0.048 
0.037 
0.038 

0.051 

0.043 
0.033 
0.044 

0.059 

0.054 
0.048 
0.053 

0.056 
0.027 
0.042 
0.048 

0.025 
0.034 
0.035 
0.050 

0.043 
0.034 
0.056 
0.044 

0.072 
0.048 
0.046 
0.045 

0.042 
0.045 
0.037 
0.055 

0.037 
0.055 
0.047 
0.037 

0.035 

0.031 
0.063 
0.039 

0.044 
0.035 
0.035 
0.042 

0.036 
0. 035 
0.040 
0.049 

0.044 

0. 072 
0. 025 


740 
530 
620 
500 

520 
570 
630 
710 

510 
540 
640 

600 

520 
530 
600 
600 

460 
610 
600 
550 

560 
690 
560 
510 

680 
630 
510 
630 

560 
540 
630 
590 

700 
770 
600 
530 

620 
620 
690 
670 

610 
570 
510 
650 

560 
870 
640 
610 

550 
565 
660 
670 

603 

370 
460 


820 
600 
650 
580 

580 
640 
670 
750 

560 
580 
690 
660 

580 
590 
660 
710 

510 
640 
650 
600 

620 
750 
610 
550 

770 
690 
570 
670 

620 
600 
680 
640 

770 
850 
650 
600 

680 
670 
740 
690 

670 
600 
570 
710 

630 
940 
680 
690 

610 
630 
710 
710 

659 

940 
510 


930 
750 
750 
690 

690 
760 
790 
840 

680 
660 
820 
780 

720 
680 
820 
890 

590 
750 
760 
710 

750 

860 
720 

660 

900 
820 
680 
790 

720 
700 
810 
770 

900 

1060 

780 

720 

810 
800 
850 
800 

820 
720 
640 
810 

760 

1100 

780 

850 

740 
760 
820 
810 

780 

1100 
590 


Crush  &  Split 
Crush  k  Split 
Crush  &  Split 
Crush 

Crush 
Crush  &  Split 
Crush  h  Split 
Crush  k  Split 

Crush 
Crush  &  Split 

Crush 
Crush  &  Split 

Crush 
Crush 
Crush 
Crush  &  Split 

Crush 
Crush  &  Split 

Crush 
Crush  &  Split 

Crush 

Crush 
Crush  &  Split 
Crush  &  Split 

Crush  &  Split 
Crush  &  Split 
Crush  &  Split 
Crush  &  Split 

Crush  &  Split 
Crush  &  Split 
Crush  &  Split 
Crush 

Crush  &  Split 

Crush 
Crush  &  Split 
Crush  &  Split 

Crush  &  Split 
Crush  &  Split 
Crush  &  Split 
Crush  &  Split 

Crush  &  Split 
Crush  1  Split 

Crush 
Crush  &  Split 

Crush  &  Split 
Crush  &  Split 
Crush  &  Split 
Crush 

Crush  &  Split 

Crush 
Crush  &  Split 

Crush 
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Table  9. 

Weights 

and  i 

oiEtureu 

.   Treated  Douglos  F 

ir  Strii 

gers. 

We 

ight  at 

Actual 

St.  He 

lens,  pounds 

weight 

We 

grit  per 

Moisture,  per 

cent 

specimen,  d 

ounds 

of 

dry  wood 

Before 

After 

Labor- 

Spec. 

No. 

Treat- 

Treat- 

at ory , 
pounds 

Mois- 

Creo- 

Dry 

Outside 

Center 

Aver- 

ment 

ment 

Gain 

ture 

sote 

wood 

edge 

line 

ago 

1 

479 

541 

62 

543 

75 

146 

322 

21.5 

25.9 

23.7 

2 

454 

527 

73 

530 

76 

123 

331 

21.5 

24.2 

22.9 

3 

414 

501 

87 

508 

63 

169 

276 

21.8 

23.5 

22.7 

4 

430 

557 

127 

562 

81 

170 

311 

22.2 

29.9 

26.1 

5 

460 

556 

96 

561 

87 

150 

324 

24.3 

29.9 

27.1 

6 

503 

613 

110 

620 

61 

203 

346 

19.5 

21.3 

20.4 

7 

464 

559 

95 

562 

95 

147 

320 

26.6 

32.9 

29.9 

8 

503 

578 

75 

581 

89 

134 

358 

23.1 

26.8 

25.0 

9 

408 

513 

105 

520 

66 

180 

274 

22.8 

25.5 

24.2 

10 

394 

510 

116 

516 

80 

159 

277 

26.5 

31.6 

29.1 

11 

483 

585 

102 

591 

88 

185 

319 

23.8 

31.2 

27.5 

12 

420 

510 

90 

518 

75 

137 

306 

22.3 

27.3 

24.6 

13 

430 

539 

109 

544 

82 

143 

319 

21.6 

30.5 

26.1 

14 

431 

455 

34 

465 

73 

100 

292 

20.7 

29.2 

25.0 

15 

486 

587 

101 

596 

93 

163 

340 

23.9 

28.4 

27.2 

16 

492 

568 

76 

570 

98 

113 

359 

23.5 

28.5 

27.0 

17 

422 

549 

127 

554 

97 

181 

276 

29.6 

39.8 

34.7 

18 

410 

434 

24 

434 

73 

75 

286 

20.5 

29.8 

25.2 

19 

480 

552 

72 

557 

68 

167 

322 

19.6 

22.7 

21.2 

20 

535 

609 

74 

618 

89 

175 

356 

21.7 

28.9 

25.3 

21 

510 

603 

93 

607 

84 

173 

350 

21.0 

26.5 

23.8 

22 

419 

520 

101 

524 

78 

144 

302 

22  3 

29.2 

25.8 

23 

509 

598 

89 

602 

102 

122 

378 

24!  8 

29.5 

27.2 

24 

441 

537 

96 

545 

86 

147 

312 

25.5 

30.1 

27.8 

25 

431 

•545 

64 

550 

77 

135 

338 

19.8 

25.9 

22.9 

26 

466 

548 

82 

548 

91 

118 

339 

27.5 

33.0 

30.2 

27 

426 

492 

66 

495 

80 

109 

306 

23.2 

26.9 

26.1 

28 

438 

518 

80 

521 

77 

158 

286 

24.0 

30.2 

27.1 

29 

424 

520 

96 

523 

86 

133 

304 

25.7 

31.5 

28.6 

30 

439 

505 

66 

510 

78 

108 

324 

21.1 

27.3 

24.2 

31 

406 

486 

80 

490 

81 

120 

289 

25.2 

31.2 

2e.2 

32 

461 

524 

63 

531 

69 

142 

320 

18.6 

24.6 

21.6 

33 

512 

547 

35 

548 

75 

118 

355 

18.7 

23.7 

21.2 

34 

507 

600 

93 

605 

101 

146 

358 

24.6 

32.5 

28.4 

3b 

445 

469 

24 

471 

101 

42 

328 

26.5 

35.6 

31.1 

36 

433 

486 

53 

490 

84 

64 

342 

24.7 

31.6 

28.2 

37 

517 

598 

81 

607 

99 

121 

387 

23.1 

28.9 

26.0 

36 

410 

565 

155 

573 

88 

187 

298 

25.4 

33.0 

29.2 

39 

475 

536 

61 

540 

97 

100 

343 

24.9 

31.6 

28.3 

40 

483 

562 

79 

567 

86 

139 

342 

23.5 

27.3 

25.4 

41 

486 

556 

70 

558 

83 

103 

362 

22.6 

29.7 

26.2 

42 

389 

472 

83 

474 

85 

108 

281 

25.7 

34.2 

30.0 

43 

395 

495 

100 

498 

71 

148 

279 

25.5 

25.4 

25.5 

44 

451 

531 

80 

536 

79 

156 

301 

24.5 

29.1 

26.8 

45 

507 

581 

74 

584 

93 

122 

369 

23.0 

27.0 

25.0 

46 

511 

586 

75 

588 

105 

70 

413 

22.8 

30.0 

26.4 

47 

435 

489  , 

54 

491 

77 

144 

270 

23.3 

34.2 

28.8 

48 

504 

585 

81 

589 

69 

160 

360 

19.6 

18.3 

19.0 

49 

470 

523 

53 

523 

90 

103 

330 

23.8 

31.7 

27.8 

50 

408 

471 

63 

475 

78 

107 

290 

22.1 

32.0 

27.1 

51 

396 

449 

53 

448 

77 

116 

255 

25.0 

36.2 

30.6 

52 

428 

497 

69 

503 

68 

129 

306 

20.7 

23.8 

22.3 

Aver 

.  454 

534 

80 

542 

83 

135 

322 

23.2 

29.1 

26.2 

Max. 

535 

613 

155 

620 

105 

203 

413 

29.6 

39.8 

34.7 

Mia. 

389 

434 

24 

434 

61 

42 

255 

18.6 

18.3 

19.0 
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Table 

10.  We 

ights  and  Moistures.  Ur 

treated  D 

suglas 

Fir 

Stri 

nger 

Weight 
at 

Kois'-ure 

Moisture 

Weight 

at  St. 

per  cent 

per  c 

2nt 

Mois 

ture 

Moisture 

Labor- 

Dry 

Mois- 

Outside 

Borii 

1CS 

per 

:ent 

per  cent 

Spec. 
No. 

Helens. 

atory, 

Weignt, 

ture 

Center 

Borings 

1-inch 

pounds 

pounds 

pounds 

pounds 

edge 

line 

Average 

section 

1 

436 

439 

315 

124 

39.3 

39. 

5 

_39. 

4 

36.4 

2 

462 

454 

332 

122 

37.7 

36. 

0 

36. 

8 

34.6 

3 

391 

384 

270 

114 

41.1 

44. 

0 

42. 

5 

36.3 

4 

423 

414 

305 

109 

35.8 

36. 

5 

36. 

1 

34.8 

5 

442 

440 

319 

121 

39.1 

36. 

4 

37. 

7 

32.2 

6 

475 

464 

342 

122 

35.0 

37. 

0 

36. 

0 

33.1 

7 

444 

434 

307 

127 

39.8 

40. 

1 

39. 

9 

35.2 

8 

487 

478 

359 

119 

32.9 

33. 

6 

33. 

2 

31.4 
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PHENOMENA    OBSERVED    IN   TRANSVERSE    TEST. 

TREATED   DOUGLAS    FIR    STRINGERS. 

Specimen  i. — Straight  gran;  few  medium-sized  knots;  average  growth 
structure.  Cracking  began  at  load  of  48.700  lbs.  and  continued  until  fail- 
ure by  longitudinal  shear  along  line  of  pith  center.  Sharp  cracking  at 
final    failure   under   maximum   load   of   54,600   lbs. 

Specimen  2. — Straight  grain;  small  knots;  wide  irregular  growth 
rings,  with  large  percentage  of  spring  wood.  Failed  by  longitudinal  shear 
and  large  sliver  broken  at  end  under  maximum  load  of  52,600  lbs.  Dull 
cracking  at   final   failure. 

Specimen   3. — Grain    four   inches   out   of   line   of   pith    center.      Small 
knots;  wide  growth  rings,  with  large  percentage  of  spring  wood.     Crack 
ing  began  at  load  of  49,000  lbs.  until  failure  by  longitudinal  shear,  three 
inches  below  pith  center  under  maximum  load  of  51,200  lbs.     Loud  crack- 
ing at  final  failure. 

Specimen  4. — Straight  grain;  medium  and  small-sized  knots;  wide 
growth  rings,  with  large  percentage  spring  wood.  No  cracking  until 
failure  by  longitudinal  shear,  along  line  of  pith  center,  under  maximum 
load  of  54,300  lbs. 

Specimen  5. — Grain  of  specimen  one  inch  from  line  of  pith  center: 
small  knots;  bad  check  along  pith  center  side  of  specimen:  close  growth 
rings,  with  small  percentage  spring  wood,  except  near  pith  center.  No 
cracking  until  failure  by  longitudinal  shear,  along  growth  rings,  under 
maximum  load  of  55,400  lbs.     Sharp  cracking  at  final  failure. 

Specimen  6. — Grain  three  inches  out  of  line  of  pith  center;  few 
small  knots  ;  abnormal  growth  structure:  with  small  percentage  of  spring 
wood.  Slight  cracking  just  before  failure  by  tension.  Loud  cracking  at 
final   failure  under  maximum  load  of  59,700  lbs. 

Specimen  7. — Sawed  5  inches  out  of  line  of  pith  center,  small  knots : 
average  growth  structure.  No  cracking  until  failure  by  cross-grain  ten- 
sion.    Sharp  cracking  at  final   failure  under  maximum  load  of  47,400  lbs. 

Specimen  8. — Straight  grain,  large  knots  and  close  growth  rings  with 
fairly  large  percentage  of  spring  wood.  Dull  cracking  began  at  load 
of  45,000  lbs.  Sharp  cracking  at  final  failure  by  slivering  tension,  under 
maximum  load  of  68,800  lbs. 

Specimen  Q. — Straight  grain,  average  and  small  sized  knots,  very 
wide  growth  rings;  large  percentage  spring  wood  and  very  rank  growth. 
Shear  failure  and  cracking  began  at  load  of  22.000  lbs.,  and  continued 
until   failure  by  tension   under   maximum   load   of   32,800   lbs. 

Specimen  10. — Straight  grain  ;  average  sized  knots;  very  wide  growth 
rings,  around  pith  center.  Small  percentage  spring  wood.  Cracking 
began  just  before  failure  by  longitudinal  shear,  under  maximum  load  of 
53,000  lbs.     Sharp  cracking  at  final   failure. 

Specimen  II. — Straight  grain;  small  knots;  growth  rings  varying 
from  wide  to  very  close  with  large  percentage  of  spring  wood.  Dull 
cracking  began  at  load  of  10,000  lbs.  Shear  failure  by  tension  under  maxi- 
mum load  of  42,500  lbs. 
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Specimen  12. — Straight  grain;  small  knots;  growth  rings  varying 
from  wide  to  close,  with  large  percentage  of  spring  wood.  Very  rank 
growth  at  pith  center.  Slight  cracking  at  load  of  43,000  lbs.  before 
final  failure  by  longitudinal  shear  under  maximum  load  of  48,700  lbs. 
Dull  cracking  at  final   failure. 

Specimen  [3. — Sawed  four  inches  out  of  line  of  pith  center.  Small 
and  average-  .sized  knots,  with  average  growth  structure,  and  large  per- 
centage of  spring  wood  in  wide  rings  portion.  Failed  by  longitudinal 
shear  along  line  of  pith  center.  Dull  cracking  at  final  failure  under 
maximum   load   of  51,400  lbs. 

Specimen  14. — Straight  grain,  small  and  average  sized  knots;  very 
close  growth  structure.  Loud  cracking  before  final  failure  by  longi- 
tudinal shear  and  cross-  'rain  tension  under  maximum  load  of  45,400  lbs. 

Specimen  15. — Straight  grain;  small  knots;  very  close  growth  rings, 
with  average  percentage  of  spring  wood.  No  cracking  until  failure  by 
longitudinal  shear,  along  line  of  pith  center  and  growth  rings  under  maxi- 
mum load  of  60,400  lbs. 

Specimen  16. — Straight  grain;  several  small  knots;  heavy  summer 
growth.  Cracking  began  at  a  load  of  59,400  lbs.  and  final  failure  was 
by  longitudinal  shear  along  line  of  pith  center.  Loud  cracking  at  final 
failure  under  maximum  load  of  62,700  lbs. 

Specimen  \~. — Grain  four  inches  out  of  line  of  pith  center;  small 
knots  and  deep  checks  along  one  side;  wide  growth  rings,  with  large 
percentage  of  spring  wood.  Dull  cracking  and  shear  failure  began  at  load 
of  28,000  lbs.  and  continued  until  failure  by  longitudinal  shear  under 
maximum    load    of    37,000    lbs. 

Specimen  18. — Straight  grain,  many  small  knots;  close  growth  rings, 
with  large  percentage  of  spring  wood  around  pith  center.  Sharp  crack- 
ing began  at  load  of  38,400  lbs.  and  continued  until  failure  by  slivering 
tension  under  maximum  load  of  40,400  lbs. 

Specimen  19. — Straight  grain,  small  knots,  abnormal  growth  struc- 
ture, with  fairly  small  percentage  of  spring  wood.  No  cracking  before 
failure  by  longitudinal  shear  under  maximum  load  of  41,000  lbs.  Dull 
cracking  at  final  failure. 

Specimen  20. — Straight  grain,  medium-sized  knots ;  close  growth  rings, 
with  fairly  large  percentage  of  spring  wood.  Cracking  began  at  load 
of  30,000  lbs.  and  continued  until  final  shear  at  line  of  pith  center,  under 
maximum  load  of  39,000  lbs. 

Specimen  21. — Sawed  four  inches  out  of  line  of  pith  center  :  small 
knots;  close  growth  rings,  with  heavy  summer  growth.  Cracking  began 
at  load  of  43,500  lbs.  and  continued  until  failure  by  cross  grain  and 
slivering  tension   under   load   of   46,000   lbs. 

Specimen  22. — Sawed  three  inches  out  of  line  of  pith  center;  small 
and  average  sized  knots.  Growth  rings  varying  from  wide  to  narrow 
with  large  percentage  of  spring  wood.  Dull  cracking  began  at  load  of 
40,000  lbs.  and  continued  until  final  failure  by  horizontal  shear,  under 
maximum   load   of   43,200  lbs. 
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Specimen  23. — Straight  grain,  medium-sized  knots,  irregular  growth, 
with  small  percentage  of  spring  wood.  Internal  cracking  began  at  load 
of  49,300  lbs.  and  continued  until  failure  by  longitudinal  shear  under 
maximum  load   of  51,900  lbs. 

Specimen  24. — Straight  grain;  one  average  sized  knot;  close  growth 
rings  with  average  growth  structure.  Dull  cracking  began  at  load  of 
47,900  lbs.  and  continued  until  failure  by  longitudinal  shear,  under 
maximum  load  of  53,200  lbs. 

Specimen  25. — Straight  grain ;  small  and  average  sized  knots,  rank 
growth,  with  small  percentage  of  spring  wood.  No  cracking  before 
final  failure  by  longitudinal  shear.  Sharp  cracking  at  final  failure  under 
maximum  load  of  44,600  lbs. 

Specimen  26. — Straight  grain;  small  and  average  sized  knots;  aver- 
age growth  rings,  changing  to  very  close,  with  very  small  percentage  of 
spring  wood.  Failure  by  longitudinal  shear  along  line  of  pith  center. 
Loud  cracking  at  final  failure  under  maximum  load  of  55,000  lbs. 

Specimen  27. — Straight  grain,  except  for  slight  dip,  small  and  aver- 
age sized  knots,  abnormal  growth  rings,  changing  abruptly  from  wide 
to  very  close,  with  small  percentage  of  spring  wood  and  bad  checks  along 
sides.  Dull  cracking  before  failure  by  longitudinal  shear,  along  checks 
under  maximum  load  of  47,500  lbs. 

Specimen  28. — Straight  grain;  several  small  knots;  growth  rings 
wide,  changing  abruptly  to  very  close,  with  large  percentage  of  spring 
wood.  Cracking  began  at  load  of  53,900  lbs.  and  continued  until  failure 
by  longitudinal  shear  along  line  of  pith  center  under  maximum  load  of 
57,200  lbs. 

Specimen  29. — Straight  grain;  small  knots;  average  growth  struc- 
ture; slight  cracking  began  at  load  of  50,000  lbs.  Loud  cracking  at  final 
failure  by  tension  at  center,  under  maximum   lead   of  65,800  lbs. 

Specijnen  30. — Straight  grain ;  small  and  average  sized  knots.  Close 
growth  rings  with  average  growth  structure.  Cracking  began  at  load  of 
56,600  lbs.  Loud  cracking  at  final  failure  by  tension,  under  maximum 
load  of  57,200  lbs. 

Specimen  31. — Straight  grain;  average  sized  knots;  wide  growth  rings, 
with  large  percentage  of  spring  wood.  Dull  cracking  before  and  at 
failure  by  longitudinal  shear,  under  maximum   load  of   37,550  lbs. 

Specimen  32. — Straight  grain^  small  and  average  sized  knots.  Growth 
rings  varying,  with  average  percentage  of  spring  wood.  Dull  cracking  at 
load  of  45,000  lbs.,  and  final  failure  by  longitudinal  shear  and  slivering 
tension  under  maximum  load  of  59,500  lbs. 

Specimen  33. — Straight  grain,  small  knots,  irregular  structure,  with 
large  percentage  spring  wood,  near  pith  center.  Cracking  began  at 
load  of  70,700  lbs.  and  continued  until  failure  by  longitudinal  shear. 
Sharp  cracking  under  maximum  load  of  71,500  lbs. 

Specimen  34. —  Straight  grain;  average  sized  knots;  bad  checks  along 
line  of  pith  center;  irregular  growth,  with  close  growth  rings  and  small 
percentage   of   spring   wood.     Cracking   began   at   load   of   20.000  lbs.   and 
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continued  until  failure  by  slivering  tension  and  longitudinal  shear  along 
line  of  pith  center  under  maximum  load  of  40,500  lbs. 

Specimen  35. — Straight  grain ;  many  small  and  average  sized  knots ; 
irregular  growth  with  large  percentage  of  spring  wood.  Failure  by  shear 
and  tension  began  at  load  of  28,000  lbs.  Continued  cracking  due  to 
shear  around  knots   at   final    failure   under   maximum   load   of  32,600   lbs. 

Specimen  36. — Grain  three  inches  out  of  line  of  pith  center,  large 
number  of  average  sized  knots.  Specimen  badly  checked  along  pith  cen- 
ter. Wide  growth  rings  with  large  percentage  of  spring  wood.  Cracking 
began  at  load  of  29,900  lbs.  and  continued  until  failure  by  longitudinal 
shear,  in  check  at  end  and  by  slivering  tension  under  maximum  load  of 
38,800  lbs. 

Specimen  37. — Straight  grain,  small  knots,  close  growth  rings,  with 
small  percentage  of  spring  wood.  Specimen  slivered  at  load  of  53,150  lbs.. 
before  failure  by  longitudinal  shear,  under  maximum  load  of  59,600  lbs. 
Sharp  cracking  at  failure.     Section  shelled  out  at  bottom. 

Specimen  38. — Straight  grain;  small  and  average  sized  knots;  growth 
rings  wide,  rank  growth,  with  large  percentage  of  spring  wood.  No 
cracking  before  failure  by  slivering  tension,  under  maximum  load  of 
47,500  lbs.     Sharp  cracking  at  final  failure. 

Specimen  39. — Straight  grain,  medium  sized  knots,  abnormal  growth 
rings,  with  average  percentage  of  spring  wood.  Failed  with  little  pre- 
liminary cracking  by  longitudinal  shear  above  line  of  pith  center  under 
maximum  load   of  51,200  lbs. 

Specimen  40. — Straight  grain.  Many  small  and  average  sized  knots ; 
rank  growth  structure.  Failed  by  longitudinal  shear.  Dull  cracking  at 
failure  under  maximum  load  of  48,300  lbs. 

Specimen  41. — Many  small  knots,  medium  growth  rings  with  a  large 
percentage  of  summer  wood  and  grain  four  inches  out  of  line  with  pith 
center.  Cracking  culminating  in  cross-grain  longitudinal  shear  failure 
began  at  a  maximum  load  of  45,500  lbs. 

Specimen  42. — Straight  grain;  with  several  large  knots;  rank  growth 
structure,  with  a  large  percentage  of  spring  wood.  Failure  by  shear 
and  crushing,  at  maximum  load  of  44,700  lbs.  along  neutral  axis  at  center 
of  specimen. 

Specimen  43. — Straight  grain,  with  several  small  and  average  sized 
knots.  Close  growth  rings  with  a  fairly  large  percentage  of  spring 
wood.  Dull  cracking  at  load  of  38,400  lbs.,  with  failure  by  longitudinal 
shear.    Sharp  cracking  at  final  failure  under  maximum  load  of  44,800  lbs. 

Specimen  44. — Straight  grain,  containing  several  small  knots  and  aver- 
age growth  structure.  Dull  cracking  at  load  of  52,200  lbs.,  and  failure  by 
longitudinal  shear  along  neutral  axis.  Sharp  cracking  at  final  failure 
under  maximum  load  of  52,900  lbs. 

Specimen  45. — Straight  grain;  specimen  sawed  four  inches  out  of 
line  with  pith  center,  and  contained  small  and  average  sized  knots,  with 
small  percentage  of  spring  wood.  Failure  by  shear  along  line  of  pith 
center,    and    slivering   near    center    under    maximum    load    of    52,400   lbs. 
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■Specimen  46. — Straight  grain,  with  several  small  knots  and  structure 
showing  irregular  growth  conditions.  Cracking  began  under  load  of 
68,800  lbs.  Sharp  cracking  at  final  failure  by  horizontal  shear  along  line 
of  pith  center  under   maximum   load   of   70,600  lbs. 

Specimen  47. — Straight  grain,  with  several  small  and  average  sized 
knots;  average  growth  with  large  percentage  of  spring  wood.  Several 
cracks  before  failure  by  horizontal  shear.  Sharp  cracking  at  final  fail- 
ure under  maximum  load  of  58,500  lbs.  In  addition  to  horizontal  shear, 
specimen  showed  cross  grain  shear  failure,  resulting  from  knots  on  one 
side. 

Specimen  48. — Straight  grain,  with  specimen  sawed  four  inches  out 
of  line  with  pith  center.  Several  small  knots;  irregular  growth,  showing 
average  percentage  of  spring  and  summer  wood.  Cracking  began  at 
load  of  54,800  lbs.,  with  final  tension  failure  at  maximum  load  of 
57,500  lbs. 

Specimen  49. — Straight  grain,  with  several  small  knots;  average 
growth  showing  large  percentage  of  spring  wood.  Failure  by  horizontal 
shear  along  neutral  axis  at  center  of  specimen  under  maximum  load 
of  51,700  lbs. 

Specimen  50. — Straight  grain,  with  several  small  and  average  sized 
knots,  showing  rank  growth  around  pith  center ;  large  percentage  of  spring 
wood.  Initial  failure  by  slivering  tension  under  load  of  46,400  lbs.  Sharp 
cracking  at  failure  under  maximum  load  of  48,900  lbs. 

Specimen  51. — Dip  grain  with  many  small  knots,  showing  abnormal 
growth  conditions.  Dull  cracking  at  failure  by  horizontal  shear  under 
maximum  load  of  38,500  lbs. 

Specimen  52. — Straight  grain  with  several  small  and  average  sized 
knots;  structure  showed  rank  growth  at  pith  center,  with  a  large  percent- 
age of  spring  wood.  Dull  cracking  under  load  of  52,500  lbs.  and  final 
failure  by  shearing  and  crushing  along  neutral  axis  at  center  of  speci- 
men, under  load  of  52,600  lbs. 

Specimen  53.— Straight  grain;  small  and  average  sized  knots.  Aver- 
age growth  rings  with  large  percentage  of  spring  wood.  Specimen  sliv- 
ered at  45,000  lbs.  Sharp  cracking  at  final  failure,  by  tension  at  maximum 
load  of  49,400  lbs. 

Specimen  53-A. — Straight  grain,  with  several  medium-sized  knots. 
Cracking  occurred  under  load  of  27,300  lbs.  and  final  failure  by  slivering 
and  cross-grain  tension  with  little  cracking  occurred  under  maximum 
load  of  28,350  lbs. 

Specimen  55.— Specimen  sawed  with  grain  four  inches  out  of  line 
of  pith  center;  several  large  knots;  rank  growth  with  large  percentage 
of  spring  wood.  Dull  cracking  began  at  30,000  lbs.  and  continued  to 
final  failure  by  tension  at  maximum  load  of  40,600  lbs. 

Specimen  55-/I. — Straight  grain  with  several  average  sized  knots, 
rank  growth  structure  with  large  percentage  of  spring  wood.  Sharp 
cracking    at    initial    failure    by    slivering    tension,    at    elastic    limit    under 
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load    of    15,000    lbs.      Loud    cracking    at    final    failure    In     tension    under 
maximum  load  of   18,400  lbs. 

PHENOMENA    OBSERVED    IN    TRANSVERSE    TEST. 

UNTREATED    DOUGLAS     FIR     STRINGERS. 

Specimen  i. — Straight  grain;  several  medium-sized  knots;  average 
growth  structure.  Cracking  began  under  load  of  35,000  lbs.  and  con- 
tinued until  failure  by  crushing  and  longitudinal  shear,  under  load  of 
65.750  lbs. 

Specimen  _'. — Straight  grain;  small  knots;  wide  irregular  growth 
rings,  with  large  percentage  of  spring  wood.  Cracking  began  under  load 
of  50,000  lbs.  and  continued  until  failure  by  slivering  tension,  at  load 
of  63,100  lbs. 

Specimen  3. — Straight  grain,  many  small  knots,  wide  growth  rings. 
with  large  percentage  of  spring  wood.  Little  cracking  took  place  until 
failure  by  slivering  tension,  under  maximum  load  of  57,000  lbs. 

Specimen  4. — Straight  grain,  few  small  knots,  wide  growth  rings, 
with  large  percentage  of  spring  wood.  No  cracking  until  failure  by 
longitudinal    shear    along   line    of   pith    center    under    load    of   65,000    lbs. 

Specimen  5. — Straight  grain,  small  knots,  close  growth  rings,  with 
small  percentage  of  spring  wood,  except  near  pith  center.  Cracked  in 
tension  under  load  of  58,000  lbs.  Loud  cracking  at  final  failure  by  longi- 
tudinal shear,  under  load  of  62,900  lbs. 

Specimen  6. — Straight  grain;  small  knots;  abnormal  growth  struc- 
ture, with  small  percentage  of  spring  wood.  Dull  cracking  began  at  load 
of  55,000  lbs.  and  continued  until  failure  by  longitudinal  shear,  along 
growth  rings  at  load  of  70,000  lbs. 

Specimen  7. — Straight  grain,  small  knots,  average  growth  structure. 
No  cracking  until  failure  by  cross  grain  and  slivering  tension  under  load 
of  64,700  lbs. 

Specimen  8. — Straight  grain ;  small  and  average  sized  knots ;  growth 
rings  close,  with  fairly  large  percentage  of  spring  wood.  Dull  cracking 
began  under  load  of  63,900  lbs.  Sharp  cracking  at  failure  by  slivering 
tension  under  maximum  load  of  67,400  lbs. 

Specimen  9. — Grain  three  inches  out  of  line  with  pith  center  through- 
out length  of  specimen;  average  sized  knots;  growth  rings  very  wide,  with 
large  percentage  of  spring  wood;  very  rank  growth.  Dull  cracking  be- 
gan under  load  of  47,500  lbs.  and  continued  until  failure  by  tension  along 
growth  rings.     Sharp  cracking  at  final  failure. 

Specimen  10.— Grain  one  inch  out  of  line  throughout  length  of  speci- 
men; small  and  average  sized  knots,  growth  rings  very  wide  around  pith 
center;  small  percentage  of  spring  wood.  Cracking  began  at  load  of 
50,000  lbs.  and  continued  until  failure  by  longitudinal  shear  at  base 
under    maximum    load    of    56,200   lbs. 

Specimen  n. — Straight  grain;  few  small  knots;  growth  rings  vary- 
ing   from    wide    to    very    close,    with    large   percentage    of    spring    wood. 
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Cracking  began   at   load   of  64,100   lbs    and   failure  was   by  tension   under 
load  of  7r,8oo  lbs. 

Specimen  12. — Straight  grain,  small  knots;  wide  growth  rings,  with 
large  percentage  of  spring  wood.  Cracking  began  just  before  maximum 
load  was  reached  and  failure  took  place  by  slivering  tension  and  longi- 
tudinal  shear  under   load   of  63,800  lbs. 

Specimen  13. — Straight  grain;  small  knots;  growth  rings  varying 
from  very  wide  to  very  narrow;  large  percentage  of  spring  wood  in  the 
wide  rings  portion.  Bearing  plates  crushed  into  fiber  at  load  of  66.700 
lbs.  and  failure  was  by  longitudinal  shear.  Sharp  cracking  at  final  failure 
under   maximum   load   of  68,900   lbs. 

Specimen  14. —  Straight  grain;  many  small  knots  on  one  side:  very 
close  growth  rings  with  small  percentage  spring  wood.  No  cracking 
until    failure   by   slivering   tension   under   maximum   load   of   45,000  lbs. 

Specimen  15. — Straight  grain;  few  small  knots;  growth  rings  very 
close,  with  an  average  percentage  of  spring  wood.  Slight  cracking  began 
at  load  of  74,700  lbs.  and  failure  took  place  by  shear  along  line  of 
pith  center  and  tension  under  maximum  load  of  77,700  lbs.  Shear 
failure  influenced  by  crushing  of  plates  under  load  points  into  wood. 

Specimen  16. — Straight  grain;  few  small  knots;  heavy  summer 
growth.  No  cracking  took  place  before  failure  by  shelling  out  along 
growth   rings,  under  maximum  load  of  70,900  lbs. 

Specimen  17. — Sawed  four  inches  out  of  line  of  pith  center;  few 
small  knots;  wide  growth  rings,  with  a  large  percentage  of  spring  wood. 
Dull  cracking  began  at  load  of  59,700  lbs.,  and  failure  took  place  by 
crushing  and  shear,  at  maximum  load  of  60,000  lbs.,  shearing  from  crushed 
portion  under  plates  at  load  points. 

Specimen  iS. — Straight  grain ;  many  small  knots ;  close  growth  rings, 
with  a  large  percentage  of  spring  wood.  Cracking  began  at  load  of 
54,200  lbs.  and  continued  until  failure  by  slivering  tension,  and  crushing 
of  fiber  under  bearing  plates,  at  maximum  load  of  54,900  lbs.  Position 
of  knots  influencing  tension  failure. 

Specimen  19. — Straight  grain;  few  small  knots;  abnormal  growth 
structure;  with  fairly  small  percentage  of  spring  wood.  No  cracking 
took  place  before  failure  by  longitudinal  shear  two  inches  below  pith 
center,  under  load  of  75,350  lbs. 

Specimen  20. — Sawed  four  inches  out  of  line  of  pith  center;  grain 
dips  four  inches  throughout  length  of  specimen.  Two  small  knots;  close 
growth  rings,  with  fairly  large  percentage  of  spring  wood.  Cracking 
began  at  load  of  66,100  lbs.,  and  failure  was  by  longitudinal  shear, 
through  the  entire  length  of  specimen.  Sharp  cracking  at  final  failure 
under  maximum  load  of  71,500  lbs. 

Specimen  21. — Straight  grain;  two  small  knots;  abnormal  growth 
rings;  varying  wide  and  narrow;  very  small  percentage  of  spring  wood. 
Cracking  began  at  load  of  40,000  lbs.  and  continued  until  failure  by 
slivering  tension  and  crushing  fiber  under  bearing  plates,  under  maximum 
load  of  54,400  lbs. 
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Specimen  22. — Straight  grain;  small  knots;  growth  rings  varying 
from  wide  to  narrow,  with  large  percentage  of  spring  wood.  Dull  crack- 
ing began  under  load  of  45>5oo  lbs.  and  continued  until  failure  under 
maximum  load  of  54,200  lbs.     Sharp  cracking  at   final   failure. 

Specimen  23. — Sawed  three  inches  out  of  line  with  pith  center; 
small  knots;  growth  rings  varying  from  wide  to  narrow,  with  small  per- 
centage of  spring  wood.  Dull  cracking  began  at  load  of  50,000  lbs.  and 
failure  was  by  longitudinal  shear.  Loud  cracking  at  final  failure,  under 
maximum   load   of   58,000   lbs. 

Specimen  24. — Straight  grain;  free  from  knots;  close  growth  rings, 
with  average  percentage  of  spring  wood.  No  cracking  before  failure 
by  longitudinal  shear,  near  top  of  specimen  at  maximum  load  of 
53,000  lbs. 

Specimen  25. — Had  slight  dip  in  grain,  one  large  and  several  small 
knots;  wide  growth  rings  with  small  percentage  of  spring  wood.  Little 
cracking  before   failure  by  slivering  tension   under  load   of  71,700  lbs. 

Specimen  26. — Straight  grain ;  small  knots :  average  growth  rings ; 
changing  to  very  close,  with  very  small  percentage  of  spring  wood. 
Loud  cracking  before  failure  by  longitudinal  shear,  at  maximum  load 
of  62,200  lbs. 

Specimen  27. — Straight  grain;  knots  small  and  average;  growth  rings 
changing  abruptly  from  very  wide  to  very  narrow,  with  small  percentage 
of  spring  wood.  Dull  cracking  began  at  load  of  52,600  lbs.  and  con- 
tinued until  failure  by  longitudinal  shear,  under  maximum  load  of  53,800 
lbs.     Sharp  cracking  at  final  failure. 

Specimen  28. — Straight  grain,  few  small  knots;  wide  growth  rings, 
changing  abruptly  to  very  narrow,  with  large  percentage  of  spring  wood. 
Cracking  began  at  load  of  51,800  lbs.  and  continued  until  failure  by 
tension  at  maximum  load  of  61,750  lbs. 

Specimen  29. — Straight  grain,  few  small  knots;  growth  rings  close, 
with  average  percentage  of  spring  wood.  Dull  cracking  began  at  load 
of  35,000  lbs.  and  continued  until  failure  by  longitudinal  shear  at  maxi- 
mum load  of  63,900  lbs.;  bearing  plates  under  load  points  crushing  into 
wood. 

Specimen  30. — Specimen  sawed  three  inches  out  of  line  with  pith 
center;  small  and  average  knots;  growth  rings  close,  with  average  per- 
centage of  spring  wood.  Dull  cracking  began  at  load  of  50,000  lbs. 
and  continued  until  failure  by  longitudinal  shear,  and  slivering  tension 
at  maximum  load  of  62,600  lbs. 

Specimen  31. — Straight  grain;  small  and  average  knots;  growth 
rings  wide,  with  a  large  percentage  of  spring  wood ;  rank  growth.  Crack- 
ing began  at  load  of  57,700  lbs.  and  continued  until  failure  by  crushing  of 
bearing  plates  into  wood  under  load  points  and  slight  tension  at  maxi- 
mum load  of  60,600  lbs. 

Specimen  32. — Straight  grain;  small  knots;  growth  rings  varying, 
with    average    percentage    of    spring    wood.      Sharp    cracking    at    failure 
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by  longitudinal  shear  along  growth  rings,  under  maximum  load  of  72,000 
lbs.     Plates  under  load  points  crushed  into   wood. 

Specimen  33. — Straight  grain,  few  small  and  one  large  knot,  at  bot- 
tom near  center.  Average  growth  rings,  with  a  large  percentage  of 
spring  wood  near  pith  center.  Dull  cracking  began  at  load  of  60,000  lbs. 
and  continued  to  failure  by  slivering  tension  at  maximum  load  of 
76,100  lbs. 

Specimen  34. — Straight  grain;  one  large  knot  near  bottom  at  cen- 
ter, and  three  small  scattered  knots.  Close  growth  rings  with  small  per- 
centage of  spring  wood.  Cracking  at  failure  by  slivering  tension  at 
maximum  load  of  70,000  lbs. 

Specimen  35. — Straight  grain;  many  small  and  average  knots.  Growth 
rings  "wide,  with  large  percentage  of  spring  wood.  Cracking  began  at 
load  of  44,800  lbs.  and  continued  until  failure  by  tension,  under  maximum 
load  of  48,400  lbs. 

Specimen  36. — Straight  grain;  small  and  average  knots;  wide  growth 
rings,  with  a  large  percentage  of  spring  wood.  Dull  cracking  began  at 
load  of  50,000  lbs.  and  continued  until  failure  by  slivering  tension  under 
maximum  load  of  54,200  lbs.  Sharp  cracking  at  final  failure.  Failure 
influenced  by  knots. 

Specimen  37. — Straight  grain,  small  knots ;  growth  rings  close,  with 
a  small  percentage  of  spring  wood.  Dull  cracking  began  at  load  of 
75,000  lbs.,  continuing  until  failure  by  slivering  tension,  and  longitudinal 
shear  at  maximum  load  of  81,700  lbs.,  partly  along  growth  rings. 

Specimen  38. — Straight  grain;  many  large  and  small  knots.  Growth 
rings  wide,  with  a  large  percentage  of  spring  wood.  Rank  growth.  Dull 
cracking  began  at  load  of  25,000  lbs.  and  continued  until  failure  by  ten- 
sion, under  maximum  load  of  48,800  lbs.     Sharp  cracking  at  final  failure. 

Specimen  39. — Straight  grain ;  few  medium-sized  knots ;  abnormal 
growth  rings;  average  percentage  of  spring  wood.  Failure  by  slivering 
tension,  with  sharp   cracking  at  maximum   load  of   54,500  lbs. 

Specimen  40. — Straight  grain ;  many  average  sized  knots.  Rank  growth 
structure.  Dull  cracking  began  just  before  final  failure,  which  was  by 
slivering  tension  at  maximum  load  of  62,800  lbs.  Plates  under  load 
points  crushed  into  wood. 

Specimen  41. — Straight  grain,  few  average  sized  knots,  varying  growth 
rings,  with  a  small  percentage  of  spring  wood.  Sharp  cracking  at  fail- 
ure by  cross-grain  tension,  under  load  of  52,700  lbs. 

Specimen  42. — Straight  grain,  average  sized  knots.  Growth  rings 
very  wide,  with  a  large  percentage  of  spring  wood.  Cracking  began  at 
load  of  40,000  lbs.  and  continued  until  failure  by  slivering  tension  at 
maximum  load  of  49,600  lbs. 

Specimen  43. — Straight  grain,  average  sized  knots.  Growth  rings 
close,  with  a  fairly  small  percentage  of  spring  wood.  Cracking  began 
at  load  of  43,000  lbs.  and  continued  until  failure  by  slivering  tension 
at  maximum  load  of  47,000  lbs. 
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Specimen  44. — Straight  grain,  small  and  average  sized  knots,  close 
growth  rings,  with  average  percentage  of  spring  wood.  Cracking  began 
just  before  failure  by  longitudinal  shear.  Sharp  cracking  at  final  failure 
under  maximum  load  of  64,600  lbs. 

Specimen  45. — -Straight  grain;  average  sized  knots,  close  growth 
rings  with  a  small  percentage  of  spring  wood.  Failure  without  warning, 
by  cross-grain  tension  at  maximum  load  of  66.700  lbs.  Position  of  knots 
influenced  failure. 

Specimen  46. — Straight  grain;  not  sawed  square;  many  small  knots. 
Growth  rings  varying  from  wide  to  narrow.  Average  percentage  of 
spring  wood.  Cracking  began  just  before  failure  under  load  of  (85.500 
lbs.     First  indication  of  failure  was  by  cracking  along  line  of  pith  center. 

Specimen  47. — Straight  grain ;  few  small  knots ;  close  growth  rings ; 
with  a  large  percentage  of  spring  wood.  Slight  cracking  before  failure 
by  tension.  Loud  cracking  before  final  failure,  at  maximum  load  of 
66,600  lbs. 

Specimen  48. — Slight  dip  in  grain  of  specimen.  Few  small  knots; 
growth  rings  close,  with  average  percentage  of  spring  and  summer  wood. 
Much  slivering  of  wood  before  failure  by  shear  and  cross-grain  tension 
at  maximum  load  of  71,730  lbs. 

Specimen  49.— Specimen  sawed  with  grain  four  inches  out  of  line 
of  pith  center.  Small  and  average  sized  knots.  Average  growth  rings 
with  a  large  percentage  of  spring  wood.  Little  cracking  before  failure 
by  cross-grain  tension  with  sharp  report  at  maximum  load  of  69,100  lbs. 

Specimen  50. — -Straight  grain,  very  small  and  average  sized  knots. 
Growth  rings  varying  from  wide  to  narrow  with  a  large  percentage  of 
spring  wood.  Little  cracking  took  place  before  failure  by  tension  at 
maximum  load  of  57,500  lbs. 

Specimen  51. — Dip  grain,  sawed  three  inches  out  of  line  of  pith  cen- 
ter; few  knots;  abnormal  growth  rings,  varying  from  wide  to  narrow, 
with  a  large  percentage  of  spring  wood.  Dull  cracking  began  at  load 
of  45,000  lbs.,  and  continued  until  failure  by  longitudinal  shear  along 
pith  center,  under  maximum  load  of  55,650  lbs. 

Specimen  52. — Straight  grain;  many  average  sized  knots;  growth 
rings  wide,  with  a  large  percentage  of  spring  wood.  Dull  cracking  be- 
gan at  load  of  52,900  lbs.  and  continued  until  failure  by  slivering  tension. 
Sharp  cracking  at  final  failure  under  load  of  56,000  lbs.  Position  of 
knots  influenced  failure. 

DISCUSSION. 

Physical  Structure. — Inasmuch  as  the  material  had  been  treated  less 
than  two  months  before  physical  tests  were  made,  it  was  almost  entirely 
free  from  season  checks.  The  material  passed  the  requirements  for 
service  as  bridge  stringers  and  was,  therefore,  free  from  injurious  de- 
fects, such  as  large,   loose  knots,  bad  checks,  shakes,   etc. 
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The  stringers  were  sawed  from  the  heartwood  of  the  log  and  con- 
tained very  little  sap  wood.  The  lot  tested  contained  33  per  cent,  box 
heart,  and  67  per  cent,  side  cuts,  as  compared  with  36  per  cent,  box 
hearts  and  64  per  cent,  side  cuts,  in  the  entire  lot  treated. 

Treatment. — It  is  generally  conceded  that  green  or  watersoaked  tim- 
ber cannot  be  satisfactorily  treated  until  the  moisture  has  been  removed 
below  a  certain  point  in  order  to  get  the  material  in  a  receptive  condi- 
tion for  creosoting.  In  creosoting  processes,  where  temperatures  of  240 
degrees  to  350  degrees  Fahrenheit  are  used  in  removing  the  moisture, 
the  fiber  is  weakened,  due  to  the  high  temperature.  When  boiling  under 
vacuum  at  a  much  lower  temperature,  of  only  180  degrees  to  190  degrees 
Fahrenheit,   less   injury,   if   any,    may   be   expected. 

How  much  moisture  is  removed  and  how  much  oil  can  be  pressed 
into  the  fiber  is  shown  by  the  following  summary  of  the  Plant  inventory 
covering  the  treatment  of  the  lot: 

Total 

Total  Oil— Pounds. 

Used.  Required.* 

30,400  29,350 

23,450  25,650 

22,850  20,300 

23,000  20,100 


Cu.  Ft. 

Total 

Charge  Plant 

Timber 

Moisture  Removed 

No.         No. 

Retort. 

Treated. 

Pounds. 

1             172 

E 

2.448 

10,760 

2             173 

F 

2J54 

7,040 

3             174 

F 

1.695 

7,140 

4             175 

E 

1-675 

6,840 

Total 

■  ■  -7.972 

31.780 

99,700  95,400 

These  data  show  the  removal  of  4  lbs.  of  moisture  and  a  treatment 
of  12.5  lbs.  of  creasote  per  cubic  foot  of  timber. 

The  condition  of  the  timber  as  to  moisture  and  creosote  before 
and  after  treatment  in  pounds  per  cubic  foot  is  shown  by  the  following 
table  : 

Moisture 


Moisture 


Charge 

Plant 

No. 

No. 

1 

172 

2 

U3 

3 

174 

4 

175 

Before  Treat-     After       Moisture         and  Creo- 

Retort.    ment.       Treatment.  Removed.  Creosote.  sote. 

E          10.3                6.6                3-7                19-9  13-3 

F          10.7                7.0                Z-7                J8.2  1 1.2 

F         10.3               7.4               2.9               18. 1  10.7 

E         10.8               7.0               3.8               17.3  10.3 

The  moisture  content  in  the  treated  specimens  was  slightly  greater 
at  the  time  of  test  than  just  after  treatment,  as  shown  by  difference  in 
weights  at  St.  Helens  and  at  Topeka. 

The  removal  of  moisture,  either  by  air  drying  or  by  artificial  dry- 
ing, constitutes  the  seasoning  of  timber.  Former  laboratory  tests  have 
shown  a  slight  increase  in  the  physical  strength  of  treated  Douglas  Fir, 
due  to  seasoning. 

Effect  of  Treatment. — The  transverse  tests  show   that   the  effect  of 
treatment  on  the  strength  of  Douglas   Fir  stringers  is  as   follows : 
weighs  at  St.  Helens  and  at  Topeka. 


*To  give  treatment  of  12.0  lbs.  of  creosote  per  cubic  foot. 


464  TEST    OF    DOUGLAS    FIR    STRINGERS 

Pounds  per  Square  Inch. 
General 
Maximum  Minimum.  Average.       Per  Cent. 

Elastic  Limit : 

Treated    5,280  1,436  3,481  82 

Untreated    5,6io  3.140  3,269  100 

Modulus  of  Rupture  : 

Treated    6,600  3,020  4,680  82 

Untreated    7,990  4,105  5,691  roo 

Modulus  of  Elasticity  : 

Treated    2,136,400     1,276,700     1,666,200  98 

Untreated    2,153,800     1,204,400     1,701,900  tco 

I  .ongitudinal  Shear  : 

Treated    475  216  333  81 

Untreated    565  299  411  100 

These  data  show  in  the  transverse  tests  that  the  elastic  limit  and 
modulus  of  rupture  are  decreased  18  per  cent,  due  to  this  treatment;  the 
modulus  of  elasticity  is  decreased  only  2  per  cent.,  and  the  shearing 
strength  is  decreased  19  per  cent. 

A  general  classification  of  number  of  failures  in  transverse  tests 
for  treated  and  untreated  specimens   follows : 

Longitudinal  Shear.  Tension.  Miscellaneous. 

No.  of       Per  Cent.     No.  of       Per  Cent.     No.  of      Per  Cent. 

Failures,     of  Total.    Failures,     of  Total.    Failures,     of  Total. 

Treated    32  62  14  27  6  it 

Untreated    ....     16  3]  29  56  7  13 

From  this  table  it  is  seen  that  for  the  treated  specimens  a  majority 
failed  by  longitudinal  shear,  while  of  the  untreated  specimens,  the 
majority   failed  by  tension. 

Treated  Specimens  9,  17,  34  and  3^  showed  peculiar  shear  failures 
along  the  line  of  pith  center  as  shown  by  the  graphs.  These  specimens 
showed  an  early  failure  by  shear  and  later  failed  by  tension,  under  a  higher 
load.  In  all  other  shear  failures  the  shearing  took  place  at  the  maximum 
load. 

The  predominate  type  of  shear  failure  was  through  the  pith  center 
in  the  box  heart  cuts,  and  near  the  line  of  pith  center  in  the  side  cuts. 
From  a  total  of  48  shear  failures  in  the  treated  and  untreated  stringers. 
33  specimens,  or  69  per  cent,  were  directly  along  the  line  of  pith  center. 

Specimen  16,  untreated,  side  cut,  failed  by  shearing  entirely  along  the 
growth  rings,  five  inches  from  the  pith  center.  Specimens  6  and  37,  un- 
treated, and  5  and  31,  treated,  failed  by  shearing  along  the  growth 
rings  for  a  short  distance,  and  then  across  the  grain. 

The  compression  tests  parallel  to  the  grain  show  that  the  effect  of 
treatment  on  the  strength  of  Douglas  Fir  is  as  follows : 
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Pounds  per  Square  Inch. 

General 
Maximum.  Minimum.  Average.       Per  Cent. 
Elastic  Limit : 

Treated    5,080  2,358  3.629  94 

Untreated    5,173  2,611  3,873  100 

Maximum  Load  : 

Treated    ^235  2,550  3,869  94 

Untreated    5.530  2,750  4,114  100 

Modulus  of  Elasticity: 

Treated    814,500       409,500       607,110  101 

Untreated    8t  1.000       413,000       601,020  100 

This  table  shows  that  in  compression,  the  strength  of  this  material 
is  decreased  6  per  cent,  at  the  elastic  limit  and  6  per  cent,  at  the  maximum 
load,  due  to  treatment.  The  modulus  of  elasticity  shows  the  treated 
material  1  per  cent,  stiffer  than  the  untreated  material.  The  specimens  for 
this  test  were  sawed  from  the  material  after  transverse  test,  and  had 
a  part  of  the  area  of  the  treated  specimens  penetrated  by  creosote. 

The  compression  tests  perpendicular  to  the  grain  show  that  the 
effect  of  treatment  on  the  strength  of  Douglas  Fir  is  as   follows : 

Pounds  per  Square  Inch. 

General 
Maximum.  Minimum.  Average.       Per  Cent. 
Elastic   Limit : 

Treated    615  206  322  74 

Untreated    627  346  438  100 

Load  for  Deflection  of  3/^-inch  : 

Treated    900  450  640  82 

Untreated    1,100  590  780  100 

This  table  shows  that  the  strength  of  this  material  in  compression 
was  decreased  due  to  treatment,  by  26  per  cent,  at  the  elastic  limit  and 
by  18  per  cent,  at  a  load  which  caused  yi-'m-  deflection. 

SPECIAL   TESTS. 

A  special  test  was  made  to  determine  the  effect  of  the  area  pene- 
trated by  creosote  on  the  physical  strength  of  treated  stringers,  as  com- 
pared with  the  area  not  penetrated. 

Treated  stringers  53  and  55,  each  30  feet  long,  were  cut  in  15-foot 
lengths.  One-half  of  each  stringer  was  numbered  53  and  55  and  the 
other  half  of  each  stringer  53-A  and  55-A,  respectively.  Specimens 
53-A  and  55-A  were  planed  on  the  sides  and  edges,  so  as  to  remove 
the  area  penetrated  by  the  creasote,  prior  to  transverse  tests.  The  results 
of  transverse  test  were  as  follows: 

Modulus  Weight  per  Cu.  Ft. 

Sectional  Elastic        of  Rup-  Modulus  of  Creo- 

Speci-        Area  Limit  Lbs.    ture  Lbs.  Elasticity  Lbs.  soted  Area 

men.       Sq.  In.  per  Sq.  In.  per  Sq.  In.  per  Sq.  In.  Actual  Planed  Off. 

53           1 1 1.7  3,86o            4,760  1,389,800  44.0 

53A          70.0  3,820            5,400  1,705,000  36.0  •    57.4 

55           1 12.0  3,270            3,790  1,214,100  38.1 

55A          70.0  2,860            3,505  1,331,900  31.0  50.3 


466  TEST    OF    DOUGLAS    FIR    STRINGERS. 

The  above  table  shows  a  slight  increase  in  the  modulus  of  rup- 
ture for  Specimen  53-A  over  Specimen  53,  while  it  shows  a  slight  de- 
crease in  elastic  limit  and  modulus  of  rupture  for  Specimen  55-A  over 
Specimen  55.  The  average  of  the  above  data  shows  that  the  modulus 
of  elasticity  is  the  only  property  which  is  appreciably  increased  by  re- 
moving   the    creosoted    portion. 

The  weight  per  cubic  foot  of  the  area  actually  penetrated  by  creosote 
in  the  above  specimens  is  approximately  twice  the  weight  of  dry  wood. 
Penetration  of  Creosote. — A  table  showing  the  absorption  of  creosote 
and   the   area  of  penetration   is   as   follows : 

Per 
Creosote— Pounds  Average  Cent,  of  Area 

Per  Sq.  Ft.  of     Depth  of  Pehe-       Penetrated 
Per  Cu.  Ft.       Exposed  Area,     tration  Inches.      by  Creosote. 

Average 11.4  2.27  ..  20.4 

Maximum    17.2  3.42  0.89  34.6 

Minimum    3.5  0.70  0.20  12.0 

The  maximum  value  in  the  above  table  is  for  specimen  6  and  the 
minimum  value  for  specimen  35.  Specimen  6  had  a  large  percentage 
of  summer  wood  and  was  of  a  very  compact  structure,  as  is  shown 
by  photograph.  Fig.  6.  Specimen  35  had  a  large  percentage  of  spring 
wood,  as  shown  by  photograph,  Fig.  21.  The  summer  wood  in  this 
specimen  was  of  a  spongy,  open  structure.  A  study  of  the  structure 
and  the  creosote  per  cubic  foot  shows  that  the  structure  having  a  large 
percentage  of  summer  wood  has  a  high  value  for  creosote  per  cubic  foot, 
and  that  the  structure  having  a  high  percentage  of  spring  wood  has  a 
low  value  for  creosote  per  cubic  foot.  This  is  due  to  the  fact  that  the 
soft,  spongy  fiber  of  the  spring  wood  offers  greater  resistance  to  the 
penetration  of  creosote  than  the  structure  of  the  summer  wood.  Speci- 
mens 14,  18  and  27,  which  have  21  or  more  growth  rings  per  inch, 
show  values  for  creosote  per  cubic  foot  which  are  below  the  average 
value. 
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CONCLUSIONS. 

The  results  of  these  tests  indicate  the  following  conclusions  relative 
to  the  boiling  under  vacuum  process  of  creosoting  Douglas  Fir  Bridge 
Stringers : 

i.  The  moisture  may  be  successfully  removed  by  boiling  under 
vacuum  for  the  proper  treatment  of  the  material.  Moisture  determina- 
tions show  that  on  an  average  35  per  cent,  of  the  total  moisture  was 
removed  by  this  process. 

2.  The  removal  of  moisture  by  the  boiling  under  vacuum  process, 
preliminary  to  creosoting,  decreases  the  physical  strength  of  the  material. 

3.  The  weight  of  creosote  per  unit  of  volume  for  treated  material  is 
dependent  on  the  structure  of  the  specimen.  The  spring  wood  offers 
greater  resistance  to  treatment  than  the  summer  wood. 

4.  Special  test  of  treated  stringers  53  and  55  indicate  that  the 
decrease  in  physical  strength  due  to  treatment-  is  not  confined  to  the 
area  penetrated  by  creosote,  but  that  the  entire  structure  is  affected. 

6.  The  compressive  strength  parallel  to  the  grain  was  decreased  6 
per  cent.,  due  to  boiling  under  vacuum  process. 

7.  The  compressive  strength  perpendicular  to  the  grain  was  de- 
creased 26  per  cent.,  due  to  the  boiling  under  vacuum  process. 

8.  Although  the  average  strength  of  the  treated  material  is  appre- 
ciably decreased,  its  stiffness,  as  measured  by  the  modulus  of  elasticity, 
is  not  affected. 

9.  In  general,  the  average  strength  of  Douglas  Fir  Bridge  Stringers, 
subjected  to  the  boiling  under  vacuum  process  of  creosoting,  was  five- 
sixths  of  its  original  strength. 
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